Combining the above results,

b 8
127 =pa1f;[T—f] &

a

Subsitution of the above results into Eq. (20.4) gives

| & -—r}'_l
T,

_q 1| (5.002)% 1
14| (3.16T)—r* |

where ;— =3.167,y=1.4 have been used. Substitition of »=21.0 yields

e=0.708 = 70.8%.
21.1:  m_, =8.00 g and charge=—3.20x 107 C

_9
a) nc=W=2.0xm“’.
~-1.6x107° C
b) w, =Ndxm=2.33x10?? and = =8.58x 107,
207 M

21.2: current = 20,000 Cfsand s =100 x5 =107 5
Q= [=200C

n=—— 2 _1.25%10°.
1.60%107° C

21.3: The mass is primarily protons and neutrons of m =1.67 » 107" kg, so:
s __ 70.0kg
PR 1 67 %1077 ke

About one-half are protons, so n, = 2.10 » 10% = y_ and the charge on the electrons is
givenby: Q= (1.60x107"° C)x (2.10x10%)=13.35x10° C.

=4.19x10%

21.4: Mass of gold = 17.7 g and the atomic weight of gold is 197 g/mol. So the number
of atoms N, x mol = (6.02 x 10™ )% (,;?Tj,fm} 5.41%10%
a) n,=T79x%541x 10 =4.27 »10*
g =, x1.60x 107° C=6.83%10° C
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b) o, =4 RTADT

21.5: 1.80mol =1.80x 6.02x 10” H atoms = 1.08 x 10* elecirons.
charge=—1.08x10™ x1.60x107"° C=—-1.73x10° C.

21.6: First find the total charge on the spheres:

i f
Fo. 9= g = J4ne, Fr® = ydme, (457 x102)(0.2)F =143x107° C
sy ¥
And therefore, the total number of electrons required is
n=gle=1.43x107"° C/1.60 107 C=890.

21.7: a)Using Coulomb’s Law for equal charges, we find:

2
F=0220N=— — = J5.5%107 C =7.42%107 C,
4zz, (0.150 m)

b) When one charge is four times the other, we have:

2
F=0220 N= ! L:quﬁl.S?leO'”’ G =371 #107 €

4z, (0.150 m)°
So one charge is 3.71x107" C, and the other is 1.484 % 107° C.

21.8: a) The total number of electrons on each sphere equals the number of protons.

. 0.0250 kg
0.026982 kg /mol
b) For a force of 1.00x 10* N to act between the spheres,

2

F=104N=41 4 :>q=\/4s'r.£0 (10* N) (0.08 m)* =8.43» 107" C.
JTE

7
5B

=725 %104,

n,o=n, =13z N,

= n. =g/e=5.27x10"
¢) nlis7.27%x107" of the total number,

21.9: The force of gravity nmust equal the eleciric force.
1 4° 21 (1.60 %107 Cy*

258 m’ = =508m.

TE  dmey 2 dme, (0.11x10 kg)(9.8m/s)
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21.10: a) Rubbing the 2lass rod removes electrons from it, since it becomes positive.
7.50nC = (7.50x 107 C) (6.25 % 10'° electrons/C) = 4.69 » 10'° electrons

(4.69 10" elecirons) (9.11 x 107 kg /electron) = 4.27 x 107 kg,

The rods mass decreases by 4.27 x 107 ke,

b) The number of elecirons transferred is the same, but they are added to the mass of
the

plastic rod, which increases by 4.27 x 107 kg,

21.11: F? is in the + x - direction, s0 ﬁ'l must be in the —x-direction and g, is positive.

R-F, »LG_glEn
a Fn

g, = (0.0200/0.0400) |¢,| = 0.750 nC

1 (0.350x107° Q)gq,
Age, ¥ Az, (0.30 m)*
=g, =+3.64x107° C.
b) F=0.200 N, and is attractive.

MA2ia) Fo— D% 4000 N

21.13: Since the charges are equal in sign the force is repulsive and of magnimde:

2 - 2
F=ki2=(3'50)<]0 C)? — 0172 N
r A7e, (0.800 m)

21.14: We only need the y-components, and each charge contributes equally.
-6 —
g LR DRI ) o 009 N inessina =165
A, (0.500 m)

Therefore, the total force is 2F =0.35 N, downward.

21.15: F, and F,are both in the +x-direction.

F =22l _6749x10° N, F,=#22l_1124x10% N
fiz Fis

F=F,+F,=18x10" N, in the +x-direction.

(9x10° N-m*/C*)(20.x10™° €) (2.0x107° C)
(0.60m)’
www.FreelLibros.me
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F, isequal and opposite to F, (Ex. 21.4), so

2
(7, ) =-0.23N
(F,) =017N
Overall:
F =—023N

F,=0100N+017N=027N

The magnitude of the total force is \/(0.23 NJ* +(0.27 N =0.35 N. The direction of
the force, as measured from the +y axis is
o e

0.27

& tan

21.17: Fisin the +x —direction.
B k@ ~337N, s0F, =+337N

Fla

F =F, +F,and F, =—7.00N
F,=F —F~=-T00N-337N=-1037N

For F,_ to be negative, g, must be on the —x-axis.

4 s0x|= Mo 0 144 m, s0x-—0.144m

2 k]
= 3

F,=k

21.18: The charge g, must be to the right of the origin; otherwise both ¢, and g, would
exert forces in the + x direction. Caleulating the magnitde of the two forces:
1 gg, (9x10° N-m*/C*)(3.00x10° C)(5.00210° C)
drey o (0.200 m)°
=3.375Nin the+ x direction.

G (9x10° N-m*/C*) (3.00 x10™° C) (8.00x 107 C)

3l z
s
2 2
= m in the — x direction
4]
Weneed F, — F, —-T7.00N:
0.216 N-m*
33TEN-——— 2 _ 700N
Fis
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4 0.216 N-m®

P‘ =

B 2375 N+ 7.00N
#; = 0.144 m to the right of the origin

=0.0208 m*

21.19: F= f’l + F'Q and F = F, + F| since they are acting in the same direction at
y»=—0.400mso,
1

A,

1.50%107° ¢ 4 3.20%107 C
(0.200m)* (0400 my’

F= (5.00 x107° C)[ J=:1.59><10‘6 N downward.

21.20: F= ﬁ[ + ﬁ'? and F = F| — F, since they are acting in opposite directions at
x=0 s0,

-2 -3
P sonsie® oyl 220210 ?C+5'00“0 ?C = 2.4%107° N to the right.
A7, (0.200m)°  (0.300 m)
21.21: a)
\ //
B ™ -
-0 t
by F=0,F,=2 9@ g5 1 2¢0a
ey (a” +x°) Az, (a® + 17y
c) Atx=0,Fy=L2LQQin the + y direction.
Mg A
d)

; = -
Z ] 2 | ] 2 A |
Plistinee
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21.22: a)

e
g0 g 9 b

N — C =
4, (a? +.xQ) A, (aQ +.x?)3m "R

b) F,=-2

) Atx=0, F=0.
d)

=1

= | 3 | 3 3 1
Lustimes

21.23:

2

1 4 g 1 g
by F= —+J§ —=1+2v/§ ——at an angle of 45° below the
) Ae, 217 Ame, I ( )4;1—50 2 G

positive x-axis

1 g 1 (3.00x107°C)
Az, ¥ dme,  (0.250 m)*

_9
b) E=12.00N/C=——Z r=‘/1 G000 €) Bl

21.4: a) E = =432 N/C, down toward the particle.

die, ¥ 4w,  (12.0N/C)
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21.25: Let +x-direction be to the right. Find 4, :
v, =+1.50%10° m/s,v, =—1.50x10° m /s, =2.65x10% 3,4, =7
v, =V, +atgives a, = -1.132x 10° m/s”
E =ma,=—7.516x107"* N
F is to the left (- x —direction), charpe is positive, 5o E is to the left.
E=Flg=(7.516x10"% N)/[(2)(.602 x10™ C)|=23.5N/C

21.26: (2) x=1ar’
=, 200N 5

£ (3.00x10° 5)

F oma (9.11x107 kg)(1.00 x10 m/s%)
g B 162107 C
=3569N/C

E

The force is up, so the electric field must be dowrnward since the eleciron is negative.
(b} The electron’s acceleration is ~ 10" g, so gravity must be negligibly small
compared to the electrical force.

(0.00145 kg) (9.8 m/s?)
650N/ C

(1.67 % 107" kg) (9.8 m/s™)
1.60x107° C

21.27: a) |g|E=mg = |g|= =2.19%107° C, sign is negative.

b) gf=mg = E=

=1.02 x1077 N/C, upward.

; -19
2M.28:2) E- 1 o 1 (26x1.60x107" C)

dme, ©° 4z, (6.00x10%m)

-2
B B B 0 WO B eqeymyimm
ey v dme, (5292107 m)

1.04 x10" N/C.

21.29: a) g=-55.0x10" C, and F is downward with magnimde
6.20 2107 N. Therefore, E=F /¢ =1.13x10™ N/C, upward

b) If a copper nucleus is placed at that point, it feels an upward force of magnitude
F=gE={(29)16x10"°C-1.13x107 N/C=524x 1072 N,
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21.30: a) The eleciric field of the Earth points toward the ground, so a NEGATIVE
charge will hover above the surface.
_(60.0kg) (9.8 m/s") _
I50N/C
2 7
by FF= d q_z = L B =138 %10" N. The magnitude of the charge is
drey v© 4me, (100.00 m)

too great for practical use.

mg=qgk =>g= -3.92 C.

21.31: a) Passing between the charged plates the eleciron feels a force upward, and just

misses the top plate. The distance it travels in the y-direction iz 0.005 m. Time of flight
- 00M0m
T T 1010t m s

y=v,t+4at’ 50 0.005 m=1a(1.25x107 )" = a=6.40x10" m/s”. Butalso

P ALk 107 ke 64D L mpsy
Q_F_M_EQE_ Le0=10" ¢ =364 N/C.

=1.25%107" 5 and initial y-velocity is zero. Now,

b) Since the proton is more massive, it will accelerate less, and NOT hit the plates.
To find the verrical displacement when it exits the plates, we use the kinematic equations
again:

y=%ar? =12£(1.25><10—8 8)? =2.73%x 107 m.

I
c) Asmention in b), the proton will not hit one of the plates becanse althoush the
electric force felt by the proton is the same as the eleciron felt, a smaller acceleration
results for the more massive proton.
d) The acceleration produced by the electric force is much greater than g; it is
reasonable to ignore pravity.

21.32: a)
a 2 2 =5
B -—9 ;_(9x10° N-m*/C )(—?.OOXIO C):(_z_s13><104 N/O)
Az g, {0.0400 m)
. 9%10° N-m*/C*) (3.00% 107 C
‘EQ‘J_g:( = mg/ i, ) _1.08x10° N /C
s (0.0200m )" + (0.0400 m)*

The angle of E,, measured from the x - axis, is 130 — tan™ {322} 126.9° Thus

300 cm

E,=(1.080%10* N/C) (i c0s126.9°+ jsin126.9%)
—(—6485x10° N/C)i +(8.64x10° N/C) ]

b) The resultant field is
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E +E,=(—6485x10° N/C){ + (—2.813x10* N/C+8.64 x10° N/C) 7
=(—6.485x10° N/C){ — (1.95%10* N/ C) §

21.33: Let +x betotheright and + y be downward.

Use the horizontal motion to find the time when the electron emerges from the
field:

x—x, =0.0200m, 2, =0,v, =1.60x10° m/s, =2
X=Xy =Vot++a givest=1.25%10" 35

v, =1.60x10° m/s

Y- ¥, =0.0050m,v, =0,=125%10"5,v, =7

Vg, +V
y—y0=[ 0y2 J’Jrgivesw=8.00><]05 m/s

v= vl +v2 =1.79%x10° m/s

21.34: 2) E=—11N/CI+14 N/, so E= (-1} + (147 =178 N/C.

8 =tan™ (—14/11)=-51.8° so0#=128° counterclockwise from th= x-axis

D F=EgsoF=(178 N/C)(2.5%107 C)=4.45%10" N,i) at —52° (repulsive)
ii) at + 128° (repulsive).

21.35: a)F, =m_g=(9.11x 107 kg) (9.8 m/52)= 8.93x107 N.F. =¢F =
(1.60x10™° C) (1.00x 10* N/C)=1.60x107" N. Yes, ok to neglect F,
because F, »> F,.
b) E=10" N/C=> F =1.6x10" N=mg > m =1.63x10"" kg

= m=179%10"m,_.
c) No. The field is uniform.

=7
336:a) x= Lot = LB o 2(0.0160_::1) (1.67 %10 _skg)?
2 2m, (1.60% 107 C) (1.50x 10 5)

~ 148 N/C.

b) v=v, + L

mF
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21.37: a) tan—l[‘lo'%]:_i,:p_j B) fan™ (E}

c) tan_l{ 21'610J=].9?radjans=112.9°,9=—0.39§+0.92j (Second quadrant).
+1.

21.38:2) E=614N/C, F=gE=982x10"" N.
b) F=e" [dns, (102107 =2.3% 10" N.

c} Part (b) == Part (a), so the electron hardly notices the electric field. A person in
the eleciric field should notice nothing if physiological effects are based solely on
magnitude.

21.39: a) Let+ x be east.
E iswestand g is nepative, so F is east and the electron speeds up.
F =g|E=(1.602x10"% C)(1.50 V/m)=2.403 x107°N
a,=F_fm=(2.403x 10" N)/{9.109 x 107*'kg) = + 2.638 x 10" m/s*

v, =+4.50x10° m/s, 2, =+2.638x 10" m/s’, x —x, =0.375m,v, = ?

v?.

2=+ 4 2a (x—x,) gives v, =6.33x10° m/s

b) ¢>0s0 F iswestand the proton slows down.
F=—|g|E=—(1.602%107"" C)(1.50 V/m)=—2403%107" N
a,=F fm=(—-2403x10"" N)/ (1.673x10 " "kg) =—1.436 x10° m/ s’
v, =+1.90x10* m/s, a,=—1436x10° m /s’ , x —x, =0.375m, v, = ?

Ve =viox +2a (x — x;) pivesv, =1.59 =10 m/s

21.40: Point charges ¢, (0.500 nCyand g, (8.00 nC) are separated by x =1.20 m. The

: : i = 2 2
electric field is zero when £ = F, = T; = mo_’m? =gn =ql2-x)=

qlrf —2q, (1.2)r + ]-2?‘?1 =g, _91)’1? + 2(1.2)q 1 — (1.2)?({1 =0 or ?.S}I?' +1.2, —-0.72=0
n=+024,-04 » =0.24 is the point between.

21.41: Two positive charges, g, are on the x-axis a distance 7 from the origin.
a) Halfway between them, £ = 0.
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! 4 s 4 =5l |x|=a
dney L (a+x)  (a—x)

- 1 q q
b) Atany position x, K= + . s
) 7P - dre,, [(a —l—x)? (a—x)?J o

— £ -+ E , X< —a
4re, (a+x)P  (a—x)

For praph, see below.

21.42: The point where the two fields cancel each other will have to be closer to the
negarive charge, because it is smaller. Also, it cant’t be between the bwo, since the two
fields would then act in the same direction. We could use Coulomb’s law to calculate the
actmal values, but a simpler way is to note that the 3.00 nC charge is twice as large as the
—41.00 nC Charge. The zero point will therefore have to be a facior of V2 farther from the
8.00 nC charge for the two fields to have equal magnimde. Calling x the distance from

the —4.00 nC charge:
1.20+x = 2x

x=290m

21.43: a) Pointcharge g, (2.00nC) is at the origin and ¢, { —5.00 nC ) is at
x=0.800 m.

At x=0200m E= 1ol KDl _ o550 0 ight
(0.200 m)*  (0.600 m)

i) At x=120m, E=—1 %l Flal _yen/ce
(0400m)® (120 m)

i) At x=—0200m, E= 19l k@] _ go5n/c e
(0200 m)* ~ (1.00 m)

b) F=—eE ) F=16x10"" C.375N/C=92%10"" N left, ii) F =
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1.6x107% C-269N/C =4.3x10""7 Nright, iii) F = 1.6 x107° - 405 = 6.48 » 10" "N right.

21.44: A positive and negative charge, of equal magnimude g, are on the x-axis,a
distance ¢ from the origin.

a) Halfway between them, £ = L to the left.

a0

ey a
| _qz— el s |x|<a
ey L (a+x)  (a—x)

b) At any position x, £ =+ 1 —q?+ 4 =, x=a
dgs, L (a+x)  (2—x)

) 4 7= 4 7| X<—a
g \(a+x)  (a—x)
with *“+” to the right.
This is graphed below.

e,

21.45: a) Atthe origin, £ =0.
b) At x=03m, y=0:

1

Ly

i,
(0.15m)*  (0.45m)"

E= (6.00%107 C)[ JE — 2667i N/C.

c) At x=015m,y=-04m:

= =1 = 1 03- 1 0.4~_J

4 —i- e
= (04my’ " (Smp 05 (05mpos’
= F=(129.6f —510.3))N/C = E=526.5N/C and 8 =75.7° down from the x-axis.

(6.00%107° C)(
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2(6.00%x107° C)- [B
0.25

d) x=0,y=02m:E= J=1382jN/C

Ars, (0.25 m)*

21.46: Calculate in vector form the electric field for each charge, and add them.

_9
E - 1 (G'OOXIOQC)E=—150£' N/C
dme, (0.6 m)

= -1 1 " " " &
E = 4.00%107° C)) ————(0.6)f + ————(0.8)7 |=21.6{ + 8.8 N/C
4 ;'?:50( )[a.oom)?( ) (1.00 m)?( )JJ iN/
2R
= E=/(128.4)" + (28.8)" =131.6 N/C, at 6= m“[féﬁ]:lz.ﬁ“ up from
—Xxaxis.

3
L 200x19 C)_ 4500i N/C.
4ms, (015m)

21.47: a) At the origin, E =—

b) At x=0.3m, y=0:

B gamwnrey| L 1 I omesinge,
4z, (015m)* (0.45m)
c) At x=0.15m, y=—04 m:
B=—L ygox10® oy — i ! QEL—I ?E‘
47z, 04m)’" (0.5Sm)’ 0.5  (0.5m)° 0.5

= E=(-129.6{ -164.5)N/C = E=209N/C and 8 = 232° clockwise from

+ x - axis.

. 2(6.00x 10 ) (2L :
) x=0,y=0.2m:Ey=0,E=—41 ( (;25 )?)(o-zsL_mmN/c
e, 25m
_1.5x10'1°cfm=]08m

21.48: For a long straight wire, £ = = p=
2mEyr 21, (2.5 N/ C)

21.49: a) For a wire of length 24 centered at the origin and lying along the y-axis, the

electric field is given by Eq. (21.10).
1 Fy :

E= i
25ey .xq,ll'.)c?f':z2 +1

b) For an infinite line of charge:

E:

A
2me,x

Graphs of electric field versus position for both are shown below.
www.FreelLibros.me
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21.50: For aring of charse, the eleciric field is given by Eq. (21.8).
a) E I O

il dme, (x°+a”)

Q=0125%107 C,a=0.025mandx=0.4m:>E=?.0§N/C.

Tzl S0 writh

b) F . =—F, =—qE=—(-250x10" C)(7.0{ N/C)=1.75x 107 N.

onmng

21.51: For a uniformly charged disk, the electric field is given by Eq. (21.11):

=
s 1 =
Fel |Tooee

250{ NR 41,

The x-component of the electric field is shown below.

21.52: The earth’s electric field is 150 N/ C, directly downward. So,
E=150=-2 = 5 =300, =2.66 x10° C/m", and is negative.

0

21.53: For an infinite plane sheet, £ is constant and is given by E:zi directed

£
o
perpendicnlar to the surface.

_ 2
6=2.5x10°F < [—1.6x10‘19£_j-[1000mJ ——4x10° 5

cm’ e 1m m
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4%107 <&
50 F=——= =226 N/C directed toward the surface.

<

21.54: By superposition we can add the electric fields from two paralle] sheets of charge.

a) £=0.
by E=0.
F g .
c) E=2—=—, directed downward.
o &
21.55:

(b

+A

21.56: The field appears like that of a point charge a long way from the disk and an
infinite plane close to the disk’s center. The field is symmetrical on the right and left (not

shown).

21.57: An infinite line of charse has a radial field in the plane through the wire, and
constant in the plane of the wire, mirror-imaged about the wire:
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Cross section throush the wire: Plane of the wire:

N
SN ==

Length of vector does not depend on angle. Lengih of vector gets shorter at
points further away from wire.

21.58: a) Since field lines pass from positive charges and toward negative charges, we
can deduce that the top charge is positive, middle is negaiive, and bottom is positive.

b) The electric field is the smallest on the horizontal line through the middle charge,
at two positions on either side where the field lines are least dense. Here the v-
components of the field are cancelled between the positive charges and the negative
charge cancels the x-component of the field from the two positive charges.

21.59: 2) p=gd = (4.5%107 C){0.0031m)=1.4x10"" C-m, in the direction from
and iowards g,.
b) If £ is at 36.9°, and the torque ¢ = pEsin ¢, then:
T 7.2x10° N-m

Tk = = i - =856.5N/C.
psing  (1.4»x107" C-m)sin 36.9°

21.60: 2) d=p/g=(89x107" C.m)/(1.6x107° C)=5.56x107" m.
b) 1. =pE=(09x107" C-m)(6.0x10° N/C)=53 %10 N-m.
Maximum torque:

M
—
koo
e o=
!’_‘ P
. EE e
s
N/
Cl
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21.61: a) Changing the orientation of a dipole from parallel to perpendicular vields:
AU =U,; —U,=—(pEcos90° - pEc0s0%) =+ (5.0x107° C-m)(1.6x10° N/C) =

+8x107% 1.

24
b) 2T =8x10* I = T= : 2(8“0_23 D _psmx
) 3(1.38 x107% 1 /K)
P 35 6.17x107" C-m
21.62: E, (x\)=—"—==E,  (3.00x107 m)= =411

27, 21, (3.0 %107 m)°
% 10° N /C. The electric force
F=gE=(1.60x10"° C)(4.11x 10° N/C)= 6.58 x 107 N and is toward the water
molecule (negative x-direction).

0 A . S S :(y+d/§)2—£y—?d/2)2 _w
y—4/2)" (y+4d/2) (¥ —d*/4) (¥ —d* /4
-5 =9 2yd _ g4 ¥ by

dusy (' —d' [4Y  2m8, (b P[4 2mey’
b) This also gives the correct expression for £ since y appears in the full

expression’s denominator squared, so the signs carry through correctly.

21.64: a) The magnimde of the field the due to each charge is

1 ¢ g 1
= e o Fr )
dre, v Ame,\(d/2) +x7)
where d i3 the distance between the two charges. The x-componenis of the forces due to
the two charges are equal and oppositely directed and so cancel each other. The two
fields have equal y-components, s0:

B or . L lsing
Yoodme, |\ (d)2) +x
where # is the angle below the x-axis for both fields.
dj?

J@ /2t +22

sinéd =

z _ 2q 1 d/?2 B qd
W sy @2+ 1" ) J@f 2t + 27 ) Ame (@2 + 2
The field is the — y directions.
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so the relationship reduces to the approximations
gd

e x

b) Atlarge x, x° >> (4 /2)7,

Edipob = 3

21.65:
‘f_h £
’ e Fox .
The dipoles atiract.
B8 +F =8, E=F +F&, =R,
b)
CHCHD
Opposite charges are closest so the dipoles attract.
21.66: a)

C—=——2 Cr—= B

The torque is zero when p is aligned either in the same direction as E orinthe

opposite directions
b) The stable orientation is when p is alisned in the same direction as £

c)
“ilipctle

/ ﬂﬂ\
- é’/ }_ﬁ .

i e

,1"'

21.67:

+&.

I 4 l

o sing =1.50/2.00s08 = 48.6°

Opposite charges atract and like charges repel.
F; oE F'lx A F’E:x =0
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@_k (5.00x107° C)10.0x107 C)
e (0.0200 m)*
F,=-Fsinf=-842.6 N
F,,=-8426 NsoF,=F _+F, =-1680N
in the direction from the + 5.00 - :C charge toward the — 5.00 - ;C charge).
b g # g
b)

F=k =1.124%10° N

The v —components have zero moment arm and therefore zero torque.
F and F, both produce clockwise torques.

F,=FHcosd=T431N

t=2({F )0.0150 m)=22.3 N -m, clockwise

1 ‘i'rfi'z Sinéf‘;

Az, 7‘13

0 1 (5.00 nC)6.00 nC) i‘ & 1 (5.00nC)(6.00nC) 3 -
Az, ((9.004+160)x 107" m)5  4ms, ((9.00416.0)x107"m) 5
== JE]B =+(8.64 %107 N); +(6.48 2107 N)j:.
Similarly for the force from the other charge:
B —1 g,g, ;3 —1 (2.00 nC)(6. OOnC)
B dme, vi 7 4me,  (0.0300 m)®

Therefore the two force components are:

F,=864x10" N F,=648x107-12.0x107 =-5.52x10"°N

cosfi 4+ |——

g4
7
ey Ha

21.68: a) F, =+

—_(1.20%107* N)j

b) Thus, F = [F} + F? =[@.64x107° N)? + (-5.52%107° N)? =1.03x107* N, and
the angle is &= arctan(F;/’Fx) =32.6,below the x axis

2.69:0) F=—1 € __ 1 40 qu[ i 1 J

dre, (a+ x)° 4}13 (a—x)* 43"&5‘0 a | (1+x/a) B (1-x/a)

= F, = ! QQ(I 2— K 1 @[—ﬁ]: {QQ Jx But this is

dre, a a e, a ey

the equation of a simple harmonic oscillator, so:
www.FreelLibros.me



Ct}=2.??.'f= Lj’:}f:i\/ QQ =quQQ3.

3
T £y 2r\ mre,a mra

b) If the charge was placed on the yv-axis there would be no restoring force if ¢ and
(O had the same sign. It would move straight out from the origin along the v-axis, since
the x-components of force would cancel.

21.70: Examining the forces: X F. =Tsind—F =0and > F,=Tcosé —mg=10.

So 22— F =M But tanfn g d =20 g =( g )”3.

cozd o ng 2wr mg

21.71: a)

b) Using the same force ana,lysi;qas in problemﬂ"qﬂ.?l], we find:
q? = 4Jraod?mg tan &# and
d=2:(125n25=g= \/4:?:5,3(2- (1.2) -5in25°)" tan 2.5°(0.015 kg)(9.80 m/sz) =g=
2.79x10°° C.

c) From Problem 21.70, mg tan4d =

kq?
e

kgt _ (B.99x 10° Nm?/’(3)(2.?'9'><]0*S )
mg(2L) sin’ 4 4(0.6m)*(0.015 kg)(9.8 m/s" )sin > &
Therefore tan# = % . Numerical solution of this franscendental equation leads to

8 =139.5°

s s
L

21.72: a) Free body diagram as in 21.71. Each charge siill feels equal and opposite
electric forces.

b) T =mg/cos20°=0.0834 N s0 F. =Ts5in20°=0.0285 N = %‘f’? (Note:
% = 2(0.500 m)sin20° = 0.342 m.)
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¢) From part (b), g,q, = 3.71x107% %
d) The charges on the spheres are made equal by connecting them writh a wire, but

we still have F, = mgianf =0.0453 N= ‘h:—zo?—:where O =222 But the separation r, is

known: » = 2(0.500 m) sin30°=0.500 m. Hence: g=27%= Jdme, Fr'a

=1.12x 107 C. This equation, along with that from part (b), gives us two equations in
gand g,.q, +¢q, =2.24x107* Cand g,q, = 3.70 x 107 C* By elimination, substitution
and after solving the resulting quadratic equation, we find: g, =2.06 x 107° Cand

g, =1.80x107 C.

21.73: a) 0.100 mol NaCl = m,, = (0.100 mol}22.99 g /mol)=2.30 ¢
= m,, = (0.100 mol)(35.45 g/ mol)=3.55 ¢
Also the number of ions is (0.100 mol)N, = 6.02x 10% so the charge is:
g =(6.02 x10")(1.60x 107" C)= 9630 C. The force between two such charges is:
e, g _ 1 (9630)°
dre, ¥* dme, (0.0200 m)*
b) a=F/m=(2.09%10% N)/(3.55%107° kg)=589%10"m/s".

¢) With such a large force between them, it does not seem reasonable to think the
sodium and chlorine ions could be separated in this way.

=2.09x10% N.

- -
21.74: a) F, = 4.0x10° N = 0% [Mds|_ ;. [(2.9x107 €)  45x107 C
2 A (0.3 m) (+0.2 m)
]
L AN,
(1262 N/C)

b) The force acts on the middle charge to the right.
c) The force equals zero if the two forces from the other charges cancel. Because of
the magnitude and size of the charges, this can only occur to the left of the negative

kg, _ kg,
(0.300 —x)®  (~0.200 — x)?
from the origin. Solving for x wefind: x=—1.76 m. The other value of x was between
the two charges and is not allowed.

where x is the distance

charge g.. Then: F, =F,, =

2z
21.75:a) F=+ ! g(39) = 1 6%, toward the lower the left charge. The other
Ame, (L/N2)  4re, L

two forces are equal and opposite.
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W 3
A
[p
i
Y
PR ey
e L
q i
- ’ - o
o
»’/

[ @

b) The upper left charge and lower right charge have equal magnimde forces at right
angles to each other, resulting in a total force of twice the force of one, directed toward
the lower left charge. So, all the forces sum to:

—_ [q(3q)~5+ q(3q) ]: g 2[3@+%}N.

ey I (\JEL ) wep L

1 q q 24
21.76: a) E(p)= [ + ——J.
dregl (y—a)® (y+a)
by E(p)= 7 iz((l —a/y)"+(+a/y)* —2). Using the binomial expansion:
EEO y

2 5 .
= E(p)= . 1ﬁ+3i+...+]_ﬁ+3“ e e 1 bga .
4 3

o r drey, ¥

Note that a point charge drops off like i? and a dipole like L_,‘
¥ ¥

21.77: a) The field is all in the x -direction (the rest cancels). From the +¢ charges:

E= 1 q e 1 q e _ 1 gx
Az, a4 x * Az, L III{ZQ il A, (.:z? i xz)m'
(Each + g contributes this). From the — 2g:
B = 1 2¢q _ 1 ( 2gx 2q _ 1
x Homyect® tatal 4::50k(a2+x2)3f2 I

= 2_(2; ((a? l/.x? + 1)—3,“2 =1).
Ty X

2 2
b) Emm%z—f[l—ﬂJw-—lJ:LSﬂ for x > a..

7 T
ey X 2x dre, x
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Note that a point charge drops off like ig and a dipole like i} ’

X X

200 g
12.0 g/ mol
electrons = g = (10.00V,(1.60 x107°C)= 0.963 % 10° C. This much charge is placed at
the earth’s poles (negative at north, positive at south), leading to a force:

_d g = 1 (0.963 x]OjC)z 5 {3% 0N,
dme, (2R )" dwe, (1.276:10'm)

b) A positive charge at the equator of the same magnimde as above will feel a
force in the south-to-north direction, perpendicular to the earth’s surface:
i
F=3 1 9 _gnas
dme, (2R )
& 2z
1 4 (0.963x10°C) _144x10° N

4z, N2 (1.276 x10°m)>

21.78: a) 20.0 g carbon = =1.67 mol carbon = 6(1.67)=10.0 mol

=2

21.79: a) With the mass of the book about 1.0 k2, most of which is protons and
neutrons, we find: #protons = £(1.0 ke)/(1.67 x 1077 kg)=3.0 x10™. Thus the charge
difference present if the electron’s charge was 99.999% of the proton’s is
Ag = (2.0%10%)(0.00001)(1.6 x 107 )= 480 C.

b) F=k(Ag) /r" = k(480 C)' /(5.0 m)* = 8.3 x10" N — repulsive. The acceleration
a=F/m=(83x10" N)/(1ke)=83x10" m/s".

c) Thus even the slishtest charge imbalance in matter would lead to explosive
repulsion!

21.80: (a)
4 g _ g
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g 1 g

Ans, (b—x)  Ame, (b+ x)

2
E _,(on central charge) =

g 1 1

 dn, Lb— ) (b .x)?:|

_ qQ (b+.x)2—(b—x)2_ qQ 4bx

Cdme, B-x)(P+x)  dmgy (- )+ x)
For x << b, this expression beconies

2 bx 2
i L 5 q—sx Direction is opposite to x.
e, BB megh

b)) TF=ma:i——2-x=miz

g
Ndob} af?

dx g
— = X
i’ m}tao.ﬁ»!‘

2 2
| g 1 q
= =2 5 f =
mﬂ:aobs wf=f 2t m:n:.sabs

©) g=e,b=4.0x10""m, m=12amu=12(1.66x10™" kg)

f_i 1.62107° C)°
2 Y 12(1.66 %1077 kg)m(8.85x 1072 C? /Nm*)(4.0 x 107 m)

- =4.28x10"Hz

21.81: a) m=p¥ = p(tmr’)=(89x10° kg /m’ JEr)(1.00% 107 m)* =
3.728 % 107° kg
n=m/M =(3.728 x 107 kg)(63.546 x 10~ kg [ mol) = 5.867 x10™ mol
N=#uN, =3.5%10" atoms
(b) N_=(29(3.5%x10*)=1.015%10% electrons and protons
g, =eN. —(0.99900)N, = (0.100x 107)(1.602 %107 C)(1.015%x10%)=1.6C
. . 4.6 Gy

F=rZ

- —=2.3x10" N
Pt (1.00 m)

21.82: First, the mass of the drop:

—f 3

m=pV =(1000 kg/ms)(ﬂrx(liﬂ ><310 o

Next, the time of flight: # = D /v =0.02/20=0.00100 s and the acceleration :

2d _ 2(3.00x10™ m)
£ (0.001 5)°

J=1.41x10-“ kg,

d=%ar’“:>a= =600m/s”.

So:
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(1.41210™ kg)(600 m /s")

a=F/m=qE/m=q=maE= =1.06x107" C.
i § / 8.00x10" N/C
21.83: F, =eE F =0
F
ay=—y=£ax=0
Jm'li' mP
a)  vi=v, +2ahy=vsin’a+ E&y ‘Ay‘ = b Whenv, =0
’ : m
P
vim sin’ a
:}km:L
2eE

1
b) Ay =yt + antg
t=t¢,, when Ay =10

: 1
= 0=|—v, sma+5aytm £

ong
30 fon_g = ij
a}'
or
2V0mp sin
= el
2v§mp .
d=vti,= ?cos @ sin a
c)
i F
5 2 ; 27 ) a
d) b - (4>10° m/s)*(1.67»107'kg) sin* 30 _ G

= 2(1.6x 107 C)(500 N/C)
g A 10°m/s)*(1.67 x 10% kg) cos 30° sin 30°
(1.6x 107 C)(500 N/ C)

=2.89m

J =g, =

)

2
)

‘ 1 g 1 q
+‘4}?:£0 r?g‘ _4;150{;1;

www.FreelLibros.me

21.84: a) E=50N/C—| L &

. 2
| dre, 1

-+




_a
| dme B — |4 | = g, = (1.2 m)? 4m050.0N/C—M =_8x107 C.
2 2
% (0.6 m)
b) E=—50NfC=‘ L ‘f—;+‘ . q§‘= ) A2 o g, =
‘4?.550 H ‘4;@0 rz‘ dgreg | |5 o)
(4.002107° C)

2 =50 |g
e
2[ k ?‘1?

qu? =(1.2 m)2 [4:?:50(—50.0)— J _24.0%107° ¢,

(0.6 m)’

~K(601C) | k(12.00C) | kg

W2 T = + >

(3.00 m] (8.00m)*  (5.00 m)
L -8

= g= 25.0 m’ 24_ 1.60 = 102 C B 1.20 210 2(j
9.0m 64.00 m

21.85: E=120N/C=

J=+?.31 %107 C=+73.1nC.

21.86: a) On the x-axis: dE = O = F = . e

4550 (a+7r) * 4}?:5003(a+r—x)? -
1 ol d . And E =0,
drey alr a+vr .
Bt e remen g2 1 Al p p Vel b Lp
dme, alx—a x dagy, a lx—5 x
c) Forx>>a,F=@((l—rz,’x)_l—1)=@(1+afx+---—]) @F&
X 2K X
41 QQ . {Note that for x >> a, ¥ = x — a# x.) Charge distribution looks like a point
J'EE'O P‘
from far away.
2.87:a) dE=— 9 __ BOH  upap - Y gap -
@ +y") al"+yh) a(x® + ")
-K
alx"+y7)
1 j’- 1 sk 1 & 1 Q
£ 4}350 a O(IQ—I-y )3"'EQ dre, a a2 (x*+a )UQ 49’[80 Jc(.Jc?—!—.:zz)l"fz

=1 QI =1 Gl 1
8= dzzy a (.x % )3”‘ - dmey alx  (xB) a®)f®

b) F,=—gE, and F, =—gE  where E, and £, are given in (a).
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2
L _qiatiiyiny.-L L e 1 gla

c) Forx>>a, F, =

TE, X Az, ax 2x° N 4z, 2%
i o-Lf2
Looks dipole-like in y-direction F, = SN 1+ .:z_? = ig
drey x X deqx

L ooks point-like along x-direction

- 1 O "
21.88: a) From Eg.(22.9), F = — i
Ay xyfx® + a*
s
sy s 4 0 Bl ) i=(-1.29%10°F NfC).

Argy (2.5% 107 m)y/(2.5%107 m)® + (0.025 m)?
{(b) The electric field is less than that at the same distance from an infinite line of

charge (£, = 1 Ty 4 £=—1.30x]05 N{C). This is because in the
dgs, x  dme, x2a

2
approximation, the terms left off were nepative. 1 }", - & T odmales
2z, x(l + %) i 2 x

E o (Higher order terms).

c) For a 1% difference, we need the next highest term in the expansion that was left
off to be less than 0.01:

2
% <0.01 = x < a/2(0.01) =0.025m4/2(0.01) = x <0.35 cru.
e
21.89: (a) From Eq. (22.9), E = 1. & g
. o drey xy/x* + a®
_a
T . LIELE 0 = (=T858 N/ O)i.
4y (0.100 m)(C.100 m)? + (0.025 m)?
b) The eleciric field is less than that at the same distance from a point charge (8100
; 1 Q a ;
N/C). SinceE, , = = |1-——=+-- |= E_,, (Higher order terms).
Az, x 2x ?

c) For a 1% difference, we nsed the next highest term in the expansion that was lefi

off to be less than 0.01:
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2
% m 0.01 =5 x = a4f1/(2(0.01)) = 0.025,/1/0.02 = x =~ 0.177 m.
X

21.90: (a) On the axis,

e B Y| 4.00pC/x0.025m) ©.025m> YV
g2 1|2 4| (=R : I —+1
0 2%, (0.0020 m)

= E=106 N/C, in the + x-direction.

b) The eleciric field is less than that of an infinite sheet E, =——=115N/C.

%o
c) Finite disk electric field can be expanded using the binomial theorem since the

3
expansion terms are small: = E L +— | So the difference between the
2z, R 2R

infinite sheet and finite disk poes like % Thus:

AE(x=0.20cm)~ 0.2/2.5=0.08 =8% and AE(x = 0.40 cm)
~0.4/2.5=0.16=16%.

& X

5 142
21.91: (a) Asin 22.72: Ezill—{R—?+]] }

4.00pC /20025 my’ | (0.025m7 V'
s AL S e B | R
2, L (0.200 m)

=0.89 N/ C in the +x-direction.

b) x>> R B =1 (1= R[22 43R 82t )]

£g

7 RQ_CTJ‘ER? 0

P i el M
z z By
28, 2x°  Ameyx” dmsgx

¢) The electric field of (a) is less than that of the point charge (0.90 N /C) since the
correction term that was omitted was negative.
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(0.9-0.89)

d) From above x=0.2 m
0.89

=0.01=1%.For x=0.1m
E,.. =343N/C
E =36 N/C

, (3:6-3.43)
3.6

= 0,047 = 5%,

20.92: a) f(x)= £ [ fGde= [ e [ flde= [ fx)d(-x)+
[} /e Now replace—x with g — [ fade= [ f(u)(p)+ [ £a)dn =
2 j: Fa)dx.

b) g(x)=—g(2): [ gidx=[ g+ [ gladde=—[ "~ glal -+
J, Bty Noweplace—xwith y; = [ geyde=—] g0)a(s)+ | plepe=0.

¢) The integrand in %, for Example 21.11 is odd, so £ =0.

21.93: a) The y-components of the electric field cancel, and the x-components from both

charges, as given in problem 21.87 is:

1 =201 1 - 1 —ZQq 1 1 5
LR [__ LJQJ:}F: I/ 1;2}

dney, a Ly O +a) e, I\y (y* +a”)
fposa, Ba ' T 4 TR e 1 244
Ame,  av dme, ¥

b} If the point charge is now on the x-axis the two charged parts of the rods provide
different forces, though still along the x-axis (see problem 21.86).

Bgh -2 2L Dpaup g 1 21 1

dgs, a \x—a x drs, a hx x+a
So,
WM AN
dzs, a \x—a x x+a
2 2
Borwppp B 20 [ 188 logolf®8.. V. 1 20eay
dme, ax X X = i - dmey, x
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21.94: The electric field in the x-direction cancels the left and right halves of the
semicircle. The remaining v-component points in the negative y-direction. The charge per

unit length of the semicirele is:

A= and dE = kxff o S bur dE, = dE sin g isinged

JTa a a 5
So, £, == [ sin § 5 = 2 -cosd]y* = == = 2 dovmard.
A 2 a  ma

21.95: By symmetry, £, = E . For E,, compared to problem 21.94, the intepral over the

angle is halved but the charge density doubles—giving the same result. Thus,

g, -2 2O
= ¥ 2
i e
21.96: S E=0=Tcosa=mg=T=—o
COs5 a
Y F=03Tsna=20 7=_9 _
2e, 2,500 &
=78 97 L tana=—1"
cosa  2g,sina 2egmg
= @ = arcfan o
2emg

m_E 14x10°N/C

21.97: a E=10mg=> —=—=""""—=1429 C.
) @ e T 108 10098 m/sh) ke /
Y] —13
b) 1429 g lm?; .6.02><10 carbonsll.ﬁx][) _C=]_15x]01° carbons_.
C 122107 kg mol BXCESS & eXcess e
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2198:a) E . =E ,and E =2E_ , roireocharge g =2 1 0 , where
dre, IJI’E_'_(Q

x AR i
TELa b

;: = _‘EQE— JEQ

b) If all edges of the square had equal charge, the electric fields would cancel by
symmetry at the center of the square.

21.99: a)
EU_D):_|Gl |_loe|, [os] __0.0200¢/m® 00100C/m* 0.0200C/m’
28, 25 2g 2, 25, 2z,
2
= E(P)= UL e L PR R /C, in the —x-direction.

&)

b) E(R)=+|;‘ | | |+ | | _,0.0200C/m® 0.0100C/m*  0.0200 C/m’

&y 28,  2s, 2z, 2z, 2&,

2
= E(R)zwzl.@xmg N/C, in the + x-direction.
<

| 0.0200 C/m® . 0.0100 C/m® | 0.0200 C/m?

c) E(S)=+‘gl‘+‘g?‘+|63‘=

2oy ey T 2 2z, 2z, 2z,
2
= E(S)= w= 2.82x10° N/C, in the + x-direction.
g
" E(T):+| a |+ EANES _,0.0200C/m* 0.0100C/m® 0.0200C/m’
2e, Gl 28 2z, 25, 2g,
2
= E(S)= w =5.65%10° N/ C, in the + x-direction.
]
- E —4 2
21.100; Foy 2B, || +]os [} _ 2000107 e _ o N/m.
4 A 2&4 2s,
e e ¢
Fau:l II=ant]I=GQ |Jl| |03| =4-00x10 C/l]l =+2.26X10? N/m
4 A 2s, ) 2,
B Gom . + o1 |+ |_—6.00x107* C/m” 339107 N/m
A A4 2z, 2z,
(Note that “+™ means toward the right, and “—* is toward the left.)
21.101: By inspection the fields in the different regions are as shown below:
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E=|-Z (-i+k), E,=|— [+i+k)
250 ; 250

E,= [Z_eJ(H._ k), E, = [2% ]( —i —k)

N ENNLTNEP
sl [2%}( —i+ )

L
sl

2102 a) O=do=n(RI-R)o

b) Recall the electric field of a disk, Eq. (21.11): E=£[1—]/m]50

£ {1/ Vo o VR ] Bl = - 52
(1/ B Jaf 11/ J®R Ty 1 )@iﬁ.

c)Notemml/m%(l+(x/Rl)z)'mss%[l—w+...]

2
= B(x)= X_X|x5 o I I
%\ R R W 25\R R, ‘

1 and sufficiently close means that

(x /R <<1.
dy Fghity= 20 e b piag fe @ 8% L2 ]
25 R R 2 2r¥N2em\ R R,
21.103: a) The four possible force diagrams are:
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Only the last picture can result in an electric field in the —x-direction
b) g =-2.00C, g, =+1.00, uC, and g, > 0.
o) s A ___sing - 2:___sing,
& 4;'?:50 (0.0400 m) 45, (0.0300 m)

9 sin 91 3/5 =0.843 uC.

=g =
% 16%eng, 16 “4]5 e’

A B, [ il SO EJ:ss.m
4, ) 00016 5 0.0009 5

{a) The four possible diagrams are:

21.104:
N %
/ \ w4 N R
\._."\ My /"
\\ o
£ e
The first diagram is the only one in which the eleciric field must point in the negative y-
direction.
b) g, =-3.00 xC, and g, < Q.
kg, 12 kg, ka5

¢) B =0= kql zi_ e 7 2
(0.050m)° 13 (0.120m)" 13 (0.120 m) (0.050 m)” 12

E=FE = kql E_l_ kq?— i= kql E+(i](iJ
Y0050 m)® 13 (0.120m)? 13 (0.05m)? |13 (12 013

= E=FE, =117x10" N/C.

21.105: a) For a rod in general of length I, E—g[l— J and here r=x+ 2.
ro L+r 2
So, Emﬁ@ 1 1 :sz[ 1 1 ]
Llx+al2 L+x+a/2 L \2x+a 2042x+a

b) dF:aﬂgE:F:jgdq:J‘;;”ELQ sz rmm

1 1
(2x+a_2L+2x+aJ
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= F= ZkQ ([1n (2+ 22581 — (2L + 25+ 2) 127
:F_kQ ln({a+2L+aJ(2L+2aJ] kQ (a+L)°
T 2a 4L+ 2a i " atar oty )

¢) For a»> L:F = L% n{“g(]*”“)?}kg (21n (14 2L/ a)—In(l + 2L/ a))

It a’(1+2L/a
2 2
s L B N b, V.
I a 2a a a a

22.1: a) ®=E-A=(14 N/C) (0.250 m*) cos 60° =1.75 Nm?/C.
b) As long as the sheet is flat, irs shape does not matter.
ci) The maximum flux occurs at an angle @ = 0° between the normal and field.

cii) The minimum flux occurs at an angle ¢ = 90° between the normal and field.

In part i), the paper is oriented to “capture™ the most field lines whereas in ii) the
area is oriented so that it “captures™ no field lines.

22.2: a) ©=FE- A= FEdcosd where 4= A#
Ay =—jeft)®, = —(4x10° N/C)(0.1m)* cos(90—369°) =—24 N-m*/C
fiy =+ (top)®, =—(4x10° N/C)(0.1m)" cos90°=0
Ay =+j(righyD, =+(4»10° N/C)(0.1m) cos(90°—36.9°) =+24 N-m’/C
= — (botiom)® ; = (4x10° N/C)(0.1m)" cos90° =0
ﬁS = +i (front)D; =+(4x10° N/C)(0.1 m)* cos36.9°=32 N-m*/C
Ay =—i(back)®, =—(4x10° N/C)(0.1m)" c0s36.9°=-32 N-m*/C

b) The total flux through the cube must be zero; any flux entering the cube must also
leave it.

22.3: a) GiventhatE = —Bi + Cj— Dk, ® = E - A,edge length L, and

=—k=®, =F-Ad, =+DI%.
fig =+ = ®,=E 4, =-BI".
A, =—i = ®,=E- 4fi, =+BL".
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b) Total flux= 3" ®, =0
24: ©=F-A=(75.0N/C) (0240 m*) cos 70° = 6.16 Nm*/C.

20.5: 2) ©=E Ad=51 (2url)= bt = EOAT 0N _ 5 715 10° Nm?/C.

b) We would get the same flux as in (a) if the cylinder’s radius was made larger—the
field lines must still pass through the surface.
c) If the length was increased to 7 = 0.800 m, the flux would increase by a factor of

two: @& =5.42 x10° Nm*/C.

22.6: a) g =g, /5 =(4.00x107 C)/e, = 452 Nm®/C.
b) ©; =g,/5 =(~7.80%107 C)fs, = —881 Nm®/C.
) @5, =(g, +g,)/2 = ((4.00-7.80)x107 C)/s, = —429 Nm*/C.
d) ©g =(g, +q,)/e = ((4.00-2.40)x107 C)/e, =723 Nm?/C.
&) ©g =(g, +q,+q)fe, = ((4.00-7.80+2.40)x107 C)/e, =158 Nm*/C.

f) All that matters for Gauss’s law is the total amount of charge enclosed by the
surface, not its distribution within the surface.

22.7: a) ®=gq/s, =(-3.60x107° C)/s, = -4.07x10° Nm*/C.

b) @ =g/e; = g =£,® = £,(780 Nm*/C)=6.90x10" C.

c) No. All that matters is the rotal charge enclosed by the cube, not the details of
where the charge is located.

22.8: a) No charge enclosed so D=0
_9
b) g, —OO0xI0 L e it
g, 8.85x107" C*/Nm

DT _ (4.00—6.00)x107 C
£y 2.85% 1072 C?/Nm"’-

c) =226 Nm?/C.

22.9: a) Since E is uniform, the flux through a closed surface must be zero. That is:
D= ﬁfi dd= i E‘—DfpdV =0 =] pd¥V = 0. But because we can choose any volume we

want, s must be zero if the integral equals zero.
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b) If there is no charge in a region of space, that does NOT mean that the =lectric field
is uniform. Consider a closed volume close to, but not including, a point charge. The field
diverges there, but there is no charge in that region.

22.10: a) If p >0 and uniform, then g inside any closed surface is greater than zero.
=b-0= j;E_" -dA > 0 and so the electric field cannot be uniform, i.e., since an

arbitrary surface of our choice encloses a non-zero amount of charge, £ must depend on
position.
b) However, inside a small bubble of zero density within the material with density z,

the field CAN be uniform. All that is important is that there be zero flux through the
surface of the bubble (since it encloses no charge). (See Exercise 22.61.)

22.11: @, =g/e, =(9.60 107 C)/e, =1.08 x 10° Nm”/C. But the box is
symmerical, so for one side, the flux is: ® _,_=1.80%10° Nm?/C.
b) No change. Charge enclosed is the same.

22.12: Since the cube is empty, there is no net charge enclosed in it. The net flux,
according to Gauss’s law, must be zero.

2.13: ©, =0 fe,
The flux through the sphere depends only on the charge within the sphere.
O =D, = £,(360 N-m?/C) =3.19nC

1 g 1 (250x10°C)
Agey r® 4me,  (0.550 m)*

b) E =0 inside of a conductor or else free charges would move under the influence of
forces, violating our electrostatic assumptions (i.e., that charges aren’t moving).

22.14: a) E(r=0450m+0.1m)= — 744 N/C.

1.62 m

22.15: a)| E |- %Q e \/L

ey ¥ Az,

g| | 1 (0180x107°C)
E| Vdm, 614N/C

b) Aslong as we are outside the sphere, the charge enclosed is constant and the sphere
acts like a point charge.

22.16: a)O=Ed =g /s, = qg=s,Fd = ¢, (1402 10° N/C) (0.0610 m')=7.56%10" C.
b) Double the surface area: g = £,(1.40x10° N/C)(0.122 m?)=1.51x107 C,
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22.17: E=-L % = g =dme Er? = dre, (1150 N/C) (0.160 m)” = 3.27 x10® C. So the

dmwr,

. 327x107° C 10
number of electrons is: »_= 1.50?*10-’9 c= 2.04 2107,

22.18: Draw a cylindrical Gaussian surface with the line of charge as its axis. The
cylinder has radius 0.400 m and is 0.0200 m long. The eleciric field is then 840 N/C at
every point on the cylindrical surface and directed perpendicular to the surface. Thus

§ E-dS = (EXA ) = EN2wL)
= (840 N/C) (2x) (0.400 m) (0.0200 m)=42.2 N - m*/C
The ficld is parallel to the end caps of the cylinder, so for them .EPE ¢ § =0. From

Gauss’s law:

2 2
g=¢,0; = (8854 x10™* ﬁ) (42.2 vl

)
=3.74 %107 ¢
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22.19:

Ay =dwtpCdim

s
he _
Toontm  Ae= LAHipCim
P A m
o3t i
1
E= ZE
2zg, v
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a) Atpoint z, E‘l and E‘Q are in the + y -direction (toward negative charse, away from
positive charge).
E, =(1/275,[(4.80 x 107° C/m) /(0.200 m)]= 4.314 x 10° N/C
E, = (1/2 7, [(2.40 x 107 C/m) /(0.200 m)] = 2.157 » 10° N/C
E=E +E,=647=10° N/C, in the y - direction.
b) At point b, E:_E‘ is in the + y - direction and Eg is in the — y -direction.
E, =(1/22£,[(4.80x 10° C/m) /(0.600 m)] = 1438 x10° N/C
E, = (1/2 7, [(2.80 x 107° C/m) /(0.200 m)] = 2.157 x 10° N/C
E=E,—E =17.2x10" N/C, in the — v - direction.

22.20: a) For points outside a uniform spherical charge distribution, all the charge can be
considered to be concenirated at the center of the sphere. The field outside the sphere is
thus inversely proportional to the square of the distance from the center. In this case:
0.200 cm
0.600 cm

b) For points outside a long cylindrically symmetrical charge distribution, the field is
identical to that of a long line of charge:

2
E = (480 N/C)[ J =53N/C

E= A 3
2rer
that is, inversely proportional to the distance from the axis of the cylinder. In this case
E=@sonyjc) 22009 )60 nyc
0.600 cm

c) The field of an infinite sheet of charge is E = 5/2¢,; i.e, it is independent of the
distance from the sheet. Thus in this case £ =480N/C.

22.21: Outside each sphere the eleciric field is the same as if all the charge of the sphere
were at its center, and the point where we are to calculate £ is outside both spheres.

E’l and E’Q are both toward the sphere with negative charge.

mzkl.ﬁiﬂxlﬂ"S C

E =l = =2.591x10° N/C
. (0.250 m)
_6 1
E, =kl @l 38007 o 0000 Ny
" (0.250 m)’

E=E + E,=8.06x10" N/C, toward the negativelycharged sphere.
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22.22: For points outside the sphere, the field is identical to that of a point charge of the
same total magnitude located at thz center of the sphere. The total charge is given by
charge density » volume:

g=(7.50n C/mj‘)(%ﬂ:)(ﬂ. 150 my* =1.60%x107" C
a) The field just outside the sphere is

g @ _(9x10N-m"C") (106107 C) _
Arz v’ (0.150 m)”

424 N/C

b) At a distance of 0.300 m from the center (double the sphere’s radius) the field will
be 1/4 as strong: 10.6 N/C

c) Inside the sphere, only the charge inside the radius in question affects the field. In
this case, since the radius is half the sphere’s radius, 1/8 of the total charge contributes to
the field:
(9« 10° N-m*/C*y(1/8) (1.06 x 107 ) B

E 2
(0.075 m)

21.2 N/C

22.23: The point is inside the sphere, so £ = kQr/ R (Example 22.9)

ER® (950 N/C)(0.220 m)*

=10.2nC
I £(0.100 m)

Q=

22.24: a) Positive charge is attracted to the inner surface of the conductor by the charge
in the cavity. Its magnimde is the same as the cavity charge: g, =+ 6.00 nC, since

E =0 inside a conductor.
b) On the outer surface the charge is a combination of the net charge on the conductor
and the charge “left behind” when the +6.00 nC moved to the inner surface;

Gt = Cimer & Govter — Gonier = Fiot — Fiomer = 2.000C — 6.00 nC = —1.00 nC.

22.25: 5, and 5, enclose no charge, so the flux is zero, and eleciric field ouiside the
plates is zero. For between the plates, S, shows that: Ed=g/s, =0 d/e, > E=0/z,.

22.26: a) At adistance of 0.1 mm from the center, the sheet appears “infinitz,” so:
= e % 2
fE-dd-p24-L=p-_T it T
£y 204 2£,(0.800 m)

b) At a distance of 100 m from the center, the sheet looks like a point, so:
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-]
pa— 2 L WOl L) easoinaye
dme, »° dze, (100 m)
¢) There would be no difference if the sheet was a conductor. The charge would
auntomatically spread out evenly over both faces, giving it half the charge density on any

as the insulator (¢:). E, = & =5 hear one face. Unlike a conductor, the insulator is the

charge density in some sense. Thus one shouldn’t think of the charge as “spreading over
each face” for an insulator. Far away, they both look like points with the same charge.

22.27: a) 2 @ O sa g
4 2RI L
b) .[FEdB:E(zEVL):g:@:)E:ﬁ
£ &g FEgy

c) But from (a), . =c27R, s0 E= Q;;Dr , same as an infinite line of charge.

22.28: All the o's are absolute values.
(a) MA:EA:;T:+;T?D+;:_‘O—%
1

Ej=——(n+to+o,—09))
o

=%(S,uc,/m? +24C/m* +4 xC/m* — 6 pC/m*)
]

=2.82x10° N/C to the left.

(b)
& 43 43 43
E ="l 4t 2" (g +og;+0,—0
P Py Pey 2 250(‘ $F =)
=2i(6,uc/m?+2#c/m?+4#c/m?—5#c/m?)
£o
=3.95x10° N/C to the lefi.
(©)

e g, a
E=—t+ 2 -2 _ L= (5,+0,—0,—9))
28, 2z, 28, 25, 2g

=i(s #C/m* 42 4 C/m* —4 4 C/m’* - 6 2C/m*)
4]

=1.69%10° N/C to the left

22.29: a) Gauss’s law says +( on inner surface, so X = 0 inside metal.
b) The outside surface of the sphere is grounded, so no excess charge.
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c) Consider a Gaussian sphere with the —(J charge at its center and radius less than
the inner radius of the metal. This sphere encloses net charge —(J 50 there is an electric
field flux through it; there is electric field in the cavity.

d) In an electrostatic situation F = 0 inside a conductor. A Gaussian sphere with
the — Q charge at its center and radius greater than the outer radius of the metal encloses
zero net charge (the — @ charge and the + ( on the inner surface of the metal) so there is

no flux through it and £ = 0 outside the metal

e) No, E =0 there. Yes, the charge has been shielded by the grounded
conductor. There is nothing like positive and negative mass (the gravity force is always
attractive), so this cannot be done for gravity,

22.30: Given E =(—5.00 (N/C)- m)xf + (3.00 (N/C)- m)zfg, edgee length
L=0300m, £=0300mand 4, =— j=> @ =E i, 4=0.
Ay =+k= ®,=E-fi, 4=(3.00 (N/C)- m)(0.300 m)’z = (0.27 (N/C)m)z =
(0.27 (N/C)m)(0.300 m) = 0.081 (N/C) m®.
Ay =+]=>®y=E figd=0
Ay =—h=®, =E-fi, A=—(027 (N/C)- m)z = 0 (z = 0).
Ay, =+i = ©, =E Ay 4= (=~5.00 (N/C) - m)(0.300 m)" x = —(0.45(N/C) - m)x
— (0.45 (N/C)-m)(0.300 m) = — (0.135 (N/C)-m").
Ay =—i = O, =FE A, A=+ (045 (N/C) m) = 0 (x = 0).
b) Total flux:
O =00,+®, =(0.081-0.135) (N/C)-m" =-0.054 Nm*/C
g=e,0=-4Tx1075C

22.31: a)

&

o

b) Imagine a charge ¢ at the center of a cube of edge lengih 2L, Then: ®=g4/¢,.

Here the square is one 24th of the surface area of the imaginary cube, so it intercepts 1/24
of the flux. That is, & = g/24s,.
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22.32:a) ©=Ed= (125 N/CY6.0m*) =750 N-m*/C.

b) Since the field is parallel to the surface, ® = 0.

c) Choose the Gaussian surface to equal the volume’s surface. Then: 750 —
Ed=g/ls, = E=—1(2.402107 C/g + 750)= 577 N/C, in the positive x -direction.

E0m’

Since g < 0 we must have some nat flux flowing ix 50 Ed — —‘ EA | on second face.

d) g < 0 but we have £ pointing aweay from face 7. This is due to an external field
that does not affect the flux but affects the value of £.

22.33: To find the charge enclosed, we need the flux throush the parallelepiped:
@, = 4F, cos60° = (0.0500 m)(0.0600 m)(2.50 x 10* N/C)cos 60°=37.5 N-m?/C
®, = 4K, c0s120° = (0.0500 m)(0.0600 m)(7.00 % 10* N/C) cos 60°= —105 N- m?/C
So the total flux is ® =&, + ®, = (37.5-105) N-m*/C =—67.5 N-m*/C,and
g=®c, =(—67.5N-m*/C)e, = -5.97x107™" C.
b) There must be a net charge (nepative) in the parallelepiped since there is a net

flux flowing into the surface. Also, there must be an external field or all lines would point
toward the slab.

22.34:

)
N

It

+

+

= 1

o Ol 1| s

s +
+

+

!

The & particle feels no force where the net electric field is zero. The fields can
cancel only in regions A and B.

E!Iue oy E:):éer
A B
ey 2e,
p=dfae =— 0B g y6m =16em
7(100 #Cim*)

The fields cancel 16 cm from the line in regions A and B.

22.35:
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TN @a=0o00ne
3 \

ay =R e

The electric field E, of the sheet of charge is toward the sheet, so the electric field

E‘Q of the sphere nmst be away from the sheet. This is true above the center of the sphere.

Let » be the distance above the center of the sphere for the point where the elzciric field is
ZEro.

E1=Egsoi— ! &

2, e, R
3 -2 2 %
po 2R 22(8.00x107 OmH)0120m) 4 o5,
0, 0.900x107° C

22.36: a) For r < a, E=0,since no charge is enclosed.
For g <r=<b E= ﬁ%, since there is +¢ inside a radius ».
For & < » <, £ =0, since now the —g cancels the inner +q.

For » > ¢, E = —=%, since again the total charge enclosed is +4.
b)

LR

N

c) Charge on inner shell surface is —q
d) Charge on outer shell surface is +g.

)
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22.37: a) r < R, E =0, since no charge is enclosed.

b) R<r<2R E=-£ sincecharge enclosed is Q.+ > 2R, E =L 22 since

E] a
doe, 2 dos, 2

charge enclosed is 2.

£

22.38:a) r<a, E= ﬁ%, since the charse enclosed is (.

a<r<hb,E=0, since the —Q on the inner surface of the shell cancels the + at the
center of the sphere.

rob E=—q f—? , 8ince the total enclosed charge is -20.

e,

b) The surface charge density on inner surface: o= ——2_.

dma’
; 2
c) The surface charge density on the outer surface: 5 = —%.
t1d.
d)
i PNy
'\y(. . -
; 4 “"'\\ o = epreadd ooy
3 I N &Y %oq " surlice
/ . SR [T T
T “\/ Yo
| | i 7] 1= |
1 [} — 3 |
%L sl o
'\ \){ \\./
o T <‘
i o .cpr\Elm viier R
surlace
e)

.

22.39: a)(i) »<a, E=0, since =0
(il) a<r<b E=0, since Q=0.
(ii) b<r<c, E=71"2, since Q=+ 2g.
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(iv) c<r«<d, E=0, sinca Q0 =0.

L 6z

(v) r>d,E=—DF, since (J =+ 6q.

b

b)(i) small shell inner: Q=0
{(ii) small shell outer: @ =+24
(iii) large shell inner: @ =-12¢
(iv) large shell outer: (= +6g

22.40: a)i) r» < a, £=0, since the charge enclosed is zero.
(ii) a<r<b,E =0, since the charge enclosed is zero.

(i) b<r<c,E= ﬁf—‘f, since charge enclosed is + 24.
{iv) ¢« r«<d, E =0, since the net charge enclosed is zero.
(v) r>»d, E=0, since the net charge enclosed is zero.

E

b)(i) small shell inner: @ =0
(ii) small shell outer: =+ 2g
(iii) laree shell inner: Q@ =-2¢
(iv) large shell outer: Q=20

22.41: a)i) » < a, E=0, since charge enclosed is zero.
(ii) a=<r<b, £ =0, since charge enclosed is zero.

(iiiy b<r<c, K= 4;0 f—‘f._ since charge enclosed is + 24.

(iv) ¢ <r<d, E=0, since charge enclosed is zero.
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v) r>d,E= ?—f, since charge enclosed is — 24.

49!:

i 2 o l/-—"'_'_‘ r
b)(i) small shell inner: @=0
(ii) small shell outer: (@ =+2g
(iii) large shell inner: Q=-12g
(iv) large shell outer: (Q=-2¢
22.42: a) Weneed:
4;'rp % - 287 pR* 30
—-QO= 2Ry -R)=> = p= ’
Q=—""A((2Ry -R)=> Q= - P
b) r< R, E=0 and ¥ = 2R, E= 10, since the net charges are zero.
Bicp< 3R, O =)= 2 E 8 R)::,E_L2 £ =R,
£y £4 dmear™  3egr

Substituting p from(a) F=-L12 __2

?mo » QSM'D.ﬁj i

c) We see a discontinuity in going from the conduciing sphere to the insulator
due to the thin surface charge of the conducting sphere—but we see a smooth iransition
from the uniform insulator to the cutside.

+

I N

22.43: a) The sphere acts as a point charge on an external charge, so:
F—gFE— ;f—& radially inward.

(b) If the point charge was inside the sphere {(where there is no electric field) it
would feel zero force.
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atitmeets

u i ¢ o

by (i) r<aiE-dd=0=E=0

(i) a<r<bfE dd =lj;;;de:> Edrr? =3i3'r(r3 — &
&g

g
X g d i)
g, Tl Ame, (B - a°)

i) b<r<c$E -dAd=L=Eap’ =L p=—12

2
£ &5 Aeegr

(iv) c<r<d§E-d§1=i+lj g dV =
0 S

3 d
Bt =L 2 E s 2y, soE-—2 80 )
=5 35.3 ' 43:‘50?‘ 4}'&50?‘ (d = )

) r>d$E-dd=L L -0=E=0

S6: %o
1 2% ; :
22.45:a) a<r<b E= —, radially outward, as in 22.48 (b).
dzs, ¥
b) »>c, & =p-%, radially outward, since again the charge enclosed is the

same as in part {(a).

c)
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A

d) The inner and outer surfacés of the outer cylinder must have the same amount
of charge on them: * =—A, =% =—Aandh . =%

7 _
22.46: a) () r<a EQu)=2="o=p= 2
ol 2rmegr

(ii) a < » < b, there is no net charge enclosed, so the electric field is zero.

(iii) posich, Bl =T 2 o B

£n £ JLEqF

E

[ It

b) (i) Inner charse per unit length is —a. (ii) Outer charge per lengrh is + 2o

2247 a) (1) r<a, EQui)= Eio = % = E= S radially outward.
(ii) a <r < b, there is not net charge enclosed, so the electric field is zero.
(iii) » > b,there is no net charge enclosed, so the electric field is zero.

Eoa

0 i ¥
b) (i) Inner charge per unit length is —a.
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(ii) Outer charge per length is ZERO.

22.48: a) r <R, E(2nri)= i = rad.lally outward.

i‘

Ao dEh

’2:0)’ Pregr ¥ "

b) »> R, and k= prR’ ,E(zm)=g_ Y E=

c) = R.the eleciric field for BOTH regionsis £ = E,so they are consistent.
d)

22.49: a) The conductor has the surface charge density on BOTH sides, so it has twice
the enclosed charge and twice the zlectric field.

b) We have a conductor with surface charge density ¢ on both sides. Thus the
electric field outside the plate is ® = E(24) = (204)/s, = E = a/=,. To find the field

inside the conductor use a (Gaussian surface that has one face inside the conductor, and
one outside.
Then:

D=F

out

A+ E d=(od))e, it E,, = 5/2, = E,A=0= E_ =0,

22.50: a) If the nucleus is a uniform positively charsed sphere, it is only at its very
center where forces on a charge would balance or cancel

3
b) @=fE-dd-L = pa’ - | s - —T
&g &g b R Aze, R
1 &
:>F=Q'E=— o
e, R

So from the simple harmonic motion squation:
4}?:50 R3 \'4}:&0 mR3 =ik P 43"':50 mR3
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2
N . o TR

2x Y 4z, mR®

-8 2
spagt 4 ABOOADTGY g ity
drz, 47 (9.11x107 kg)(@.57x10" Hz)

r-!-ch-l!l/{r'l'hommm 71

d) If » > R then the electron would still oscillate but not undergo simple
harmonic motion, because for » > R, For 1/;*‘2 , and is not linear.

22.51: The electrons are separated by a distance 24, and the amount of the positive
nueclens’s charge that is within radius & is all that exerts a force on the electron. So:
ke’

s R =Dkt = P =R8=d=R/2
& (2(}!)2 nueleus &

22.52:12) Q(r) =0 - [ pdV = Q——j” %20y 5in BdA d = Q——QJ e gy

= 0(r) = Q—Q—w(%‘” —alr —2ar—2)=Qe V" [2r/a,) +2(r/a,)+1].
a, a
Note if r = w0, O(r)— O

b} The electric field is radially outward, and has magnitide:

= E=

kQE—?r -
?‘Q

Q(rfa) +20r/a) +1).

i i T
MR .50 10Xy 13587 20 ZAy LRy ] 35U <4

Sl v
30530 4} Ak = IR Fmg Bogh S5 L CUSNTG _gyag

So: a=F/m=9%4N/9.11x10"" ke =1.0 x10% m/s",
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b) Atr=R a=4a, =41x10" m/s’.

c) At r=R/2,0=1(82¢) (4 because the charge enclosed goes like ) so with the
radius decreasing by 2, the acceleration from the change in radius goesup by (2)° =4,
but the charge decreased by 8,50 2 = $a,, =2.1x 10% st

d) At r=0,0=0,30 F=0.

22.54: a) The electric field of the slab must be zero by symmetry. There is no preferred
direction in the y -z plane, so the electric field can only point in the x -direction. But at
the origin in the x-direction, neither the positive nor negative directions should be
singled out as special, and so the field must be zero.

b) Use a Gaussian surface that has one face of area A on in the y —z plane at

x= 0, and the other face at a general value x. Then:

s e P SR AT, g

£p o <o

El

with direction given by ﬁf
Notie that £ is zeroat x = 0.
MNow outside the slab, the enclosed charge is constant with x :

cbdb=pi S P _ p pd

<y £y £y

again with direction given by ﬁf :

22.55: a) Again, £ is zero at x =0, by symmetry arguments.

9) pod ¢ p Ax’ g x* X
b) x2d:P=E4d="20l - Ogjx'? d'="Y" = E="0_ in — {direction.
= £y 3e,d 3e,d | x|

_ ppdd .. :Ej s = § direction.
380 350 | X |

4
x>d:®= = Lont _ P04 [ a
gy gd A

22.56: a) We could place two charges +Q on either side of the charge +¢4:

P ¥ )

o & v

b} In order for the charge to be stable, the electric field in a neighborhood around it
must always point back to the equilibrium position.

c) If ¢ is moved to infinity and we require there to be an electric field always
pointing in to the region where ¢ had been, we could draw a small Gaussian surface
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there. We would find that we need a negative flux into the surface. That is, there has to be
a negative charge in that region. However, there is none, and so we cannot get such a
stable equilibrium.

d) For a negative charge to be in stable equilibrium, we need the eleciric field to
always point away from the charge position. The arsument in (c) carries through again,
this time inferring that a positive charse must be in the space where the negarive charge
was if stable equilibrium is to be attained.

A A R
22.57: a) The total charge: ¢ = 4r j 2y (1— 7! Ryrdr = 4;:[] +idr —j > | Rdv]
0 Q 4]

AxRp, 4xR® 30
= g =4, [RY/3 - R¥f4)= 200 20 O
7= 4o (R ] 12 12 =R

b) » 2 R, all the charge Q is enclosed, and: ® = E(dnr’) = Q/z, = E=7-%,

o,

the same as a point charge.

c) »< R, then Ofr) = gf »*/R®).
Also, Q(r) =4[ py (1 r/R)"dr =Amp, (2~ 2% )

:E(r)zlzﬁQ[l 1 r4J:Fi_g[£_ 3”4J=kQL[4—3L]

3R 4R R RY R R
d)
b4 i
141 : f i‘
B ;
o :
i1 ;,-"
1 L5 'TU 1.5 [I:-
[
e) @zﬂ(riR): 4@—@:‘:0:}@” =—RSoE__ =gk—%(4—2)= 4}0%)
o R R 2R 3R
22.58: a)

L] R A
4p 4 e
. 2 — =t 2 — 2 _— =
Q= 4:;1'.([ gl dr= 4xpoj [l QRJ rdr=4dmg, Ll; rodr T L r dr}

0
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R 4 R
=4 el i B ST N
m{3 3R 4} %

b) rzR,§E-d£|=qﬂ=0:>E=o

£y

c) r= R, § E . dd= i—EL. p(F W dr = Edmy® = 47y [J: ridr - %L’ r’sdr’:|
0

£y

3 4
g Bl 2 :P_o,,[l_i}
gr | 2 3R 3z, R

d)
i /—'—_—\
/ \
AP
e) ﬂ=0::>‘:'—°——2’”0*31-'-“‘=0:;m=5
2 3, R 2
E(V_E]:&E {_1]|_ PR
2) 3,2 2] 12
i
22.50: a) cbg=§§-d4=—Gm§M=4xGm.

"

b) For any closed surface, mass OUTSIDE the surface contributes zero to the flux
passing through the surface. Thus the formula above holds for any sitnation where m is
the mass enclosed by the Ganssian surface.

That is: ®, = § #-dd=—42GM_,

22.60: a) ©, = gdmr’ = 4nGM = g =— oM which is the same as for a point mass.

? 2
2
b) Inside a hollow shell, the A/ = 0,50 g =10.
c) Inside a uniform spherical mass:
3
B, = gdm’ —— 4nGM =—4}EG[M%J =g =—%,
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which is linear in ».

22.61: a) For a sphere NOT at the coordinate origin:

13 ’
PR BBt e, BT g BE
b= & 2 3e,
in the #'-direction.
= E-20-0)
3z,
L 7 3
| -

b) The eleciric field inside a hole in a charged insulating sphere is:

= = = _pF p(F-b) _pb
B =Eomn ~Bo=5 ~" 3 3.
(4] (4] [u]

Note that £ is uniform.

22.62: Using the technique of 22.61, we first find the field of a cylinder off-axis, then the
electric field in a hole in a cylinder is the difference between two electric fields—that of a
solid eylinder on-axis, and one off-axis.

P d i P, By e g g PR

£ & 2z, 2g,

Ehm = Ec}wﬂ —E_lbm B M = Q Note that E is uniform.
25 2z, ey

22.63: a) x=0: no field confribution from the sphere centered at the origin, and the
other sphere produces a point-like field:

Ble=fm - & e ! Q?E.
e, (2R) 4z, 4R
b) x=R/ 2: the sphere at th2 origin provides the field of a point charge of charge
g=0 /8 since only one-eighth of the charge’s volume is included. So:
- 1 (/%) 0 s 1 @ AN N <
Ex=R/ 2= - = =(1/2-4/9 = "
B O [(R/ 2 BRI ) ey B 5= e, TREE

¢) x=R: the two electric fields cancel, so E =0.
d) x =3R: now both spheres contribute fields pointing to the right:
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Ba=wm-—| L, £1j_ 1 1;
4rs, \GRY R dm, 9K

22.64: (See Problem 22.63 with ¢ — — @ for terms associated with right sphere)

a) E(x=0)=+— 1 &3
45043

b)g[FE]:l ©@/8), © 2}; I [Q 49} | 170 ;
2) dme, | (Rf2Y (33/2) Az, | 2R*  9R’ Az, e

e) E(x:R)=ﬁ[%+%}’=Lf

d) E(x=3R)=4; %_%}524; {i—g}‘: 1 S0 §
oL 0

22.65: a) The charge enclosed:

0=0 +0,, where O, = .:;,4’“(21’2)3 g w‘;éf"‘

A (R-Rf8) (R'-RY16)) llaxk’
3 4R 24
3
:>Q=15wz:R e SQS_
24 5zR
3
A W . i W

g, 3, 15w, R

R/2£r£R:¢>=E4m—2=&+l[gm(("3_R3/8)_ ' —R“/IG)H
3 4R

£q &g

and O, = 4x(2a)j (+* — 1 R)dr

IR ar/RY — 480 IRY 1) =L (6407 BY —48(-1RY 1.
24.50(47:?‘?) 15+°

reRIE= L?, since all charge is enclosed.
dmeyr

Q _@g/s) 4
Q Q 15
d) r<RI2:F=—eE=——"C _, s0therestoring force depends upon displacement to

L 5ze,0°

c) =0.267.

the first power, and we have simple harmonic motion.
8 Fmtrhm Ly S | B0 g 2 JLERm,
157, R m, 15me, R, w 8e(d
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f) If the amplimde of oscillation is greater than R /2, the force is no longer linear in
r, and is thus no longer simple harmonic.

22.66: a) Charge enclosed:
a2 3ap? 6ra 1 R4 3 3

+ (. where | plii s il R
Rk G=tx] a1 2™
73y 47
and 4 1=(+/R P e L
= }m.[ ( ("/ ))?‘ b T [24 160} —
Theretsisip= | a4 lipd B2 g g 5 800
32 120 130 = 3337
4 2 2
b) r<R/2:®=Edm? = 4”]; 3ar” e Smar® o e’ 1800 .
26 R 165,R 233722, R

Rf2<r<R:® = Edm’ =§+ i [, a=¢' 1R " ar

£y £p

o 4m[r3 B RE'J 3 4maR’
== 4 + :]_

3 24 S5R®O160) 128 o

| dral’ l(LJ"‘_l[st_i
£ 3\ R SLR 480
3 5
g %00 1[1] _1(1] _ 23
233}:50r IR SVR 1920

r2R:E= Lﬂ, since all charge is enclosed.

Mo?‘
c) The fraction of O between R/2<r=<R:
% 47 480 0,307,
o 120 233

d) E(r=R/2)=12 2 _ using either of the electric field expressions above,

4 7 k]
evaluated at » = R/ 2.
e) The force an eleciron would feel never is proportional to —» which is necessary for

simple harmonic oscillations. It is oscillatory since the force is always atiractive, but it
has the wrong power of » tobe simple harmonic.
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231: AU= kqlq{l - 1] =k(240pC) — 4.30;{(3)(
By ol

=W=-AU=-0.3571

1 1
0354m 0.150m

J= 0.357]1

232 W=-19210"T=-AU=U ~ U, = U, =19x10*T + 54x107] =
7.3x107%]1

23.3: a)
- -
E — K, + U =(0.0015 ke)(22.0 m/sy? o KE80x10CN7.50x107C) _ 1 o 5
2 0.800 m
E-E 1 f+kq1q? - 2(0'608J_0'49”)=12.5m/s.
v, 0.0015 kg
b) At the closest point, the velocity is zero:
k
L ogogy M RQEOXT0PCNTEOXI0PC) _ pon
. 0.608 J
& %
Wy s G007 =T g, ~EEIOAN NG IIAN E)  pamni
. —0.400]
s 1 s qu k(4.60x10°C) 1.20x10°C) _ o0
0.250 m
b) () Kf=K1.+U].—Uf
074 k(4.60x10%C) 1.20x10° ) —L—— 1 1_ 000047
0.25m 0.5m

=K, = 0.0994]=l;~r.»wfr g e M =26.6m/s.
2 2.80x107kg

(i) K, =0.1891, v, =36.7ms.
(i) K, = 0.198 ], v, =37.6m/s.

2 2
Mo vt H g 61.2%10%C) —0.078 1.
0.500m  0.500 m
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23.7: a)
(4.00 nC)—3.00 nC) o {4.00 nC)(2.00 nC)

gl 92 99 | 94 ] ) (0200m) (0.100m)
e Ms . (=3.00nC)2.00nC)
(0.100 m)
——3.60%107" 1.
b)If U =0,0= k[‘h% B Srdy J So solving for x we find:
it & flg =X
TR - 26 — 60x? —26x+1.6=0=> x=0.074 m, 0.360 m. Therefore
X i &

x=0.074 msince it is the only value between the two charges.

23.8: From Example 23.1, the initial energy E can be calculated:
E= K417 = %(9.11 %107 ke)(3.00%x10° m/s)’

. k(—1.60x107°C)(3.202107°C)
107%m
= E =-509%107" 1.
When velocity equals zero, all energy is eleciric potential energy, so:
k2’

—509%107 % 1= = »=9.06x10""m.
¥

23.9: Since the work done is zero, the sum of the work to bring in the tvo equal charges
g must equal the work done in bringing in charse (3.

kg* _ 2kgQ g
qu ZWQQ: _727 = QZ—E.

23.10: The work is the potential energy of the combination.
U=+ +U,

ke(2e) kel —e)  k(—e)2e)
= f 4
SY2x10%m  5x10%"m  5%10™°m

:L[L_H]

52107°m |42

_ (9.0x10° Nm* /C?) (1.6 x 107 C)’ (L_SJ
5%107°m V2

=—7.31x107°]
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Since Uis negative, we want do + 7.31x 107 T to separate the particles

23.11: K, +U, =K, +U,; K, =U,=030 K, =1,
2 2
U, == (1+3+3]= A

TN S e, ¥

U, =1.44%107° J1=9.00eV

2
23.12: Getclosestdistance y. Energy conservation: %mvQ + lzmv? = k‘i

¥
ke (9x10° Nm®/C*)(1.6x1077 C)*
T 1.67 <107 kg)(10° m/s)
Maximum force:
2
fr e
¥

=1.238%10" m

_(9%10° Nm®/C?) (1.6 1077 ¢
(1.38% 10" m)"

=0012N

2313 K, +U,=K_+U,
U=gV,s0K,+qgV,=K_+qgV,
K, =K,+q¥,-¥,)=000250] + (—5.00)(10_6 C) 200V —800 V)=0.005501

v, =2K, /m =742 m/s

It is faster at B; a negative charge pains speed when it moves to hizher potential.
23.14: Taking the origin at the center of the square, the symmetry means that the
potential is the same at the two cormers not occupied by the + 5.00 4C charges (The

work done in moving to either corner from infinity is the same). But this also means that
no net work is done is moving from one corner to the other.

23.15: F points from high potential to low potential, so Vo=V,and ¥V, <V .

The force on a positive test charge is east, so no work is done on it by the electric
force when it moves due south (the force and displacement are perpendicular); ¥, =V¥,.

23.16:a) W=—AU=gFEd =AK =1.50%107° 1.
b) The initial point was at a higher potential than the latter since any positive charge,

when free to move, will move from greater to lesser potential.
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AV =AU/g=(1.50x10" 1)/ (4.20 nC) =357 V.
1.50%2107% ]

) gEd =1.50x10"1= E =
(4.200C)(0.06 m)

=5.95x10° N/C.

23.17: a) Work done is zero since the motion is along an equipoiential, perpendicular to
the electric field.

b) W =gEd =(28.0 nC)[zLoo %10* EJ(O.GTO my=7.5x10"*1
m

) W=gEd=(28.0 nC)[rﬂr.OO % 10" Ej( —2.60 cos 45%) =—2.06 x 107 J
ol

23.18: Initial energy equals final energy:

E=E =- keq, - kg, =— keg, - kegy + lmgvﬁ

bt Fay Mr For

=—2.88x1077 ]

-2 -2
E k(- 1.60%10° C)[(s.mxw C) , (2.00x10 C)}

0.25m 0.25m

- -0
E, = k(~1.60 %10 C){(s.(mxm ), (20010 C]+l S

0.10 m 0.40m 2

=—5.04 %10 T+ lmevf?
2

= v, = ;ﬂl(s.ou 1077 J-2.88%1077 J)
9.11% 107 ke

= 689x%10° m/s.

k(2.50 1071 €
3349 8y Py 24 S0 ) 55510
" v 90.0 V

=11
by ok, Fa_k@30x107"C)
& v 30,0V

=75%107 m.

V(0250 m)48.0 V)
k k

=1.33x107 C.

23.20: a) V=ﬁ:>q=
s
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B k(1.33x107 ) »

b) ¥
(0.750 m)

16V

; 2.40%x10° C —650x107° C
2320 a) AtA:V, =k L 92| G 208 + A
R 0.05m 0.05m

-3 -3
b) AtB:V5=kq—l+q—2 wip 240=10 C+—6.50><10 C 05V
i 3 0.08 m 0.06 m

c) W=gAV =(2.50x107 C)(—33V)=—-8.25%10"" 1.
The negative sign indicates that the work is done en the charge. So the work done by the
field is 8.25%107 1.

J=—?38V.
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23.22: a)

I(‘_-‘I
e
B
o =
‘.\\HH‘\-\
i /’///
- n"//‘
=
1 ¢
by F=2—-2=.
dze, a
i , A 1 ¢ 1 g
c) Looking at the diagram in (a):F{x)=2 ==2
Az, ¥ s, \f R s

d)

Puentind

] e O S v L 2

| : : T s e
R LN T 1R LA 241 3106 110

Prsirinig

g) When x >>a,V = E,just like a point charge of charge + 24.

e, X
23.23: a)
.
\“‘RH .
% :‘:}
ﬂ’/'
ol
kg k(-
B o (~9)_,

¢) The potential along the x-axis is always zero, 30 a graph would be flat.
d) Ifthe two charges are interchanged, then the results of (b) and (c) still hold.
The potential is zero

kg kg 2kqy

2304:a) |y|<a: V= — - =
(a+¥) (@-3 ¥ -a

o

www.FreelLibros.me



yeail = i - kg :—qua.
a -+ — 2—(2?
(a+y) ¥ y

ya—all = il k. 2kqa.
(a+y) (~y+a) ¥y -a

Note:ThiscanalsobewriltenasVzk[ 8 o, & ]
|y —al| |y+al

N
NV

c) y ral¥= i i —_2]@&.

(a+¥) (v-a) ¥
d) If the charges are interchanged, then the potential is of the opposite sign

b)

23.25: a)
e ~
e o S
tq iy
: -
b) wlep i L B AL ]
x x-—a x(x— a)
O{xéa:Vzk—q— * ;@(Sx_a).
X a-x x(x —a)
sEpe e, A - SETR)
X x—a xlx—a)
Note: This can be also be written as V' = k(g — %}
c) The potential is zero at x =— zand a/3.
d)
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pxonznr <1

S i
ki = —ﬂf, which is the same as the potential of a point charge
X

|
i Al FER G E

ey For x>>a: V=
ey

—g. (Note: The two charges must be added with the correct sign. )

2 1 2
R R S |
| ¥| 3 | ¥ 1ln'a?+y?
2 2
b) ¥ =0, when y* =2 1” e e gty @

ﬁ.
c)

UM frreee
Svaluel 2
potelisl
|00
.00
— .0 = v - o
200 |50 AR ~i) 50 RET .30 T.000 1.5} 200

vk

dy yera:iV = kq[l - 2] =— k—q, which is the potential of a point charge — ¢ .
¥ ¥ L

23.27: W=—AU=—VFg=(295V) (1.60x 107" C)=4.72%x 107" 1. But also:

=17
wr g Lo 2(4'?2“21 1)
5 9.11x107" ke

~1.01%10" mys.

F 4
s¥amt ar Bel—spel o BBV e
d E 120N/C
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kg, _Vd_(498V) (0415 m)

d k k
c) The electric field is directed away from ¢ since it is a positive charge.

by V= =2.30x10™ C.

23.29: a) Point b has a hisher poiential since it is “upstream™ from where the positive
charge moves.
V -V, =Eb-a)=—|E|(b-—a)=V, -V, = |E|(b-a)>0
a8

b) E=" = —800 N/C.
d 03m

¢) W=—AU=—gAV =—(=020x10" C)(- 240 V)= — 4.8 x107 .

23.30:(a) ¥V =¥, +¥V,, >0, so Vis zero nowhere except for infinitely far from the

charpes.

Q 20
o d— e

-+ The fields can cancel only between the charges

k(2
B, =l M) L gy
x (d —x)
x= ﬁ. The other root, x= ﬁ ,does not lie between the charges.
(&) _
- 20
B @ .
¥ * Vcan be zero in 2 places, 4 and B.

atA:—k(_Q)+—k(2Q)=0—>x=d/3
L p-F=Q)  2QO)
y d+y

E, =FE,, to theleft of — (.
k) k(20) _ d
2 e O O

=0>y=4d

(c)
0 20

e —wa

K Note that £ and ¥ are not zero at the same places.

23.31:a) K, +qV, =K, +qV,
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gV -V)=K,—K; qg=-1602x10"¢C
K =imv'=4099x10")  K,=imy=2915x107 1]
_K,-K

q
The electron gains kinetic energy when it moves to higher potential.

b) Now K, =2.915x1077 J, K, =0
_K, -k,

q
The electron loses kinetic energy when it moves to lower potential

Bl =156V

=+182V

N

kg _ k(3.50x107 C)

23.32: a) V= —65.6 V.
- 048 m
—3
by ¥ KESOXI07C) ooy
0.240 m

c) Since the sphere is metal, its interior is an equipotential, and so the potential
inside is 131.3 V.

23.33: a) The electron will exhibit simple harmonic motion for x << «, but will
otherwise oscillate between +30.0 co
b) From Example 23.11,

s S8 :>AV=kQ[l—71 }

‘l'.xQ + a® a MI'J:Q + gt

1 1
= AV = k(24.02107 C)[

0.150m J(0.300 m)? + (0.150 m)?

=796V

1 . 0¥
But W=—qAV=§mv2:>v= %:1.6;&1(? m/s.

23.34: Energy is conserved:
(1.67 x 107 kg) (1500 my/s)”

_19 = 0.0117 V.
2(1.60% 107 ()

%mvQ =gAV = AV =

But:
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AV =

lll(rofr) = =rexp EZM;AV] =r=n exp[ - EEE;JAV]

4]
Dme, (0.0117 V)
500% 107" C/m

:>r=(0.]80m)exp[— J=O.]58m.

23.35: a) E=K=ﬂ
d 00450m
b) F=Eqg= (8000 N/C) (2.40x 107 C)=1.92x10 N.
c) W=Fd=(1.92x107 N) (0.0450 m) =8.64 x 107" 1.

d) AU=AVg=(—360V)(240x10° C)=—8.64x107 1.

= 8000 N/C.

23.36: a) V= Ed = (480 N/C) (38 x 107 m)=18.2 V.
b) The higher potential is at the positive sheet.
¢) E=2 = 0=e,(480 N/C)=425x107 C/m’.

£y

23.37:a) JE:%:}«E:K ﬂ=1.58x104‘ m.

E 3.00%10° V/m

b) E=L =0 =¢,(3.00x10° V/m)=2.66x10"> C/m".

£a

-2 2
23.38: a) E=i=47.0><]0 C/m

) <o
by ¥F=FEd=(5311N/C) (0.0220 m)=117 V,

c) The electric field stays the same if the separation of the plates doubles, while the
potential between the plates doublezs.

= 5311 N/C.

23.39: a) The eleciric field outside the shell is the same as for a point charge at the center
of the shell, so the potential outside the shell is the same as for a point charge:

V=—92 forr>R.

AELF

The electric field is zero inside the shell, so no work is done on a test charge as
it moves inside the shell and all points inside the shell are at the same potential as the

surface of the shell: ¥ = for r < R,

Ly

www.FreelLibros.me



bV =K go o RV _ @15 m) (~1200V) _

¢) No, the amount of charge on the sphere is very small

—20nC

23.40: For points outside this spherical charge disiribution the field is the same as if all
the charge were concentrated at th= center.
Therefore
g 4

e, r

2

and
(3800 N/C) (0.200 m)”
9%10° N.m* / C*
Since the field is directed inward, the charge must be negative. The potsntial of a point
charge, taking o as zero, is
g (O 10° NNm® / C*) (-1.69 % 107°C) _
Aregr 0.200 m -
at the surface of the sphere. Since the charge all resides on the surface of a conductor, the
field inside the sphere due to this symmeirical distribution is zero. No worlk i3 therefore
done in moving a test charge fromjust inside the surface fo the center, and the potential at
the center must also be — 760 V.

¢ =4z Ert = =1.69x107°C

= ~760V

2341: a) E=-VF.

Ex=—@=—ﬂ(my—3x?+Cy)=—Ay+2Bx.
ox o
Ey=—%=—£(Axy—B.x?—|—Cy)=—Ax—C.
& o
oV & 4
E =—""=_" (doy— B +Cy)=0.
- &( ¥ )
b) —Ay—|—23.x=0:>y=§x,—Ax—C=0:>x=—£ 50 y=§. i}:
A A A L wf
=R i =380
——— E=0at|—,—— =
4 2% i

23.42:a) E=-VV

e O kQ __ Rk MK
- & B 'Il.x?+y2+z? (x?+y?+z?')m O
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Similarly, £, =2 and £, =2,

3 3
s ¥

b) So from(a), £ "2 [ﬂ + 4 ﬁ} S HOE ik aresniith Banation(34 7

2 2
s ¥ ¥ ¥ ¥

23.43: a) There is no dependence of the potential on x or ¥, and so it has no
components in those directions. However, there is z dependence:

E=-VV=E =—%=—c:> E=—Ck, for 0<z<d.

and F =0, for z > ¢, since the potential is constant there.

{b) Infinite parallel plates of opposite charge could create this eleciric field, where the
surface charge is o =+ Cx,.

23.44: a)
(i) r<rﬂ:V=E—k—=kg(l—l}
B b L5
(i) r, <r <g:V=E—E:kq{l_l}
s ?L ¥ ?L

(iii) » >, 1 ¥ =0, since outside a sphere the potential is the same as for point
charge. Therefore we have the identical potential to two oppositely charged point charges
at the same location. These potentials cancel.

B gl {i—i]andﬁzﬂzbﬂb: 4 q[l—l]

dze, L dze, L\ v H
c) r‘ﬂ<r‘<r5,:E=—g=—iE l_l . 1 o Ve i'z
o drey B\ v 1 dsme, ¥ 1 13»
Fa rb,

d) From Equation (24.23): E=0, since ¥ is zero outside the spheres.
g) If the outer charge is different, then outside the outer sphere the potential is no

1 ¢ 1 @ 1 (g-0)

longer zerobut is ¥V = =— == . All potentials inside the outer
gy v dmsy, v dme r

g. Therefore relative potentials within the

shell are just shifted by an amount ¥ =—
ey n
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shells are not affected. Thus (b) and (c) do not change. However, now that the potential
does vary outside the spheres, there is an electric field there:

E:_%:_ﬂ(ﬁ+ﬂ]j_q[l_%

2
s s ls o

=7.62x107° ¢,

= g=
0
0.012m 0.09%m

b)

c) The equipotentials are closest when the electric field is largest.

v a | kQ \Ja?+x? +a
246:a) E,=——=—| =l | *——r—
o e | 2a fla?+x2 .
:>Ex =—@ E].ﬂ("llﬂz-l-xz +ﬂ)—£]ﬂ_( fa2+x'2 —ﬂ)
2{2 ax a_x
__@ x(a2+x2)'m_x(,g2+x2)‘“? N kO
2a \/{a2+x?+a \'I.:z?+.x2—,g xv{a?+x?

(243) 1 A
= K = = :
4fcaoxa~/1+nga2 2ms, .x\/]+.x?/‘a?

b) The potential was evaluated at v and z equal to zero, and thus shows no
dependence on them. However, the electric field depends upon the derivative of the
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potential and the potential could still have a functional dependence on the variables v and
z, and hence Ey and £, may be non-zero.

23.47:

Y=120% V=380V

V=IFY V=240V V=AW

a) Equipotentials and electric field lines of two large parallel plates are shown above.
b) The electric field lines and the equipotential lines are mumally perpendicular.

23.48:
il il iy
L] a L]
Ve ogn
cim cm

(a) ZF =ma=F, + F,
]{9'19’2 k'?l‘i’s

=
?'12 P'13,

g =4, =4, =4

1
i =kq? {—Q—F =
iz 3

3 1 1
0.02 keda = (9% 10° Nm*/CH) (2.0 107°C)° a
(02 kegha= (910" Nm'*/CY) 2.0x107°C) (0.08m)°  (0.16 m)’
2 =352 mfs”®

{b) Maximmum speed occurs at “infinity™, The center charee does not move since the
forces on it balance. Energy conservation gives U, = K.
E Fis 1
Mg, kg kag, —my + .
2 Fla T 2 2
www.FreelLibros.me




W=w,m=m,andg =q,=¢,=¢

E[L+L+LJ
By A\ Hz Fin P

=\K(9x109Nm?/C?)(2><10“6C)Q{ 1,1 1 J=7.5m,/s

_|_
0.020 kg 008m 016m 0.08m

2349:2) W, =AK-W, =4.352107 1 - 6502107 J=-2.15x107" 1,
W, 215x107]
g 7.60x107° C
—2829V with respect to the final point.

=+42829V. So the initial point is

b) W,=—gAV S AV =—

2829 V
c) Bt —dEh it
d 0.08m m
2 2 2
23.50: a) ﬂ:’ki?:w: e
¥ mry
2
T LR
2 2
2 =19 2
c)E=K+U=lU=—lki=—1k(l'mxw_“ N T L Y
2 2 » 2 529%x10"m

23.51:2) ¥V =Cx*"" = C=(240V) (0.0130 m)™ =7.85 x10* V/m**.

b) E= P, Ve 2 (7.85%10* V/m**)x'"* = ( —1.05x10° \iﬂ x“-"jwm,
a3 3 m
toward cathode.

) F = —eB = ((1.05 x 10°) (0.00650)"* V/m) (1.60 x10™° C)=3.14x 10" N,

toward anode.

23.582: From Problem 22.51, the electric field of a sphere with radius R and ¢ distributed

uniformly over its volume is K = ar 7 for r < Rand E = g 7 forr =R

e, R de, ¥
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V-V = r Fdr. Take bat infinity and ¥ = 0. Let point @ be adistance » < R from
the center of the sphere.

= j ar+| Loa=-—2_|3-L
4?&9 R A 43‘1780 Bre R R
Set ¢ =+ 2¢ to get V_for the sphere. The work done by the attractive force of the sphere
when one electron is removed from » = d o« i3

2¢° i
W =— ¥, = .
el SMOR[ R?J

The total work done by the attractive force of the sphere when both electrons are
removed is twice this, 2W___. The work done by the repulsive force of the two electrons

2
&

is W_=———— The total work done by the elecirical forces is 2W, _ +W . The
e, (2d)

energy required to remove the two electrons is the nepative of this,
f-if

2me R 42 K

We can check this result in the special case of = R, when the electrons initially sit on

the surface of the sphere. The potential due to the sphere is the same as for a point charge
+ 2e at the center of the sphere.

W =81

g

_huE 2 2 o
ey o |y T o F [_g+l]: Te
dne,R ) dwg,(2R)  4dme R 4,) Buc,R

The work done by the electric forces when the electrons are removed is — 7¢'/S7s, R and

the energy required to remove them is 7e’ f 8, R . Setting 4 =R in our general expression
vields this same result.

23.53: a)

3 ] 2 3 1 2 9 1
el [ &g ?[——+———]+k ?[——+———
o [ Z f J?d] S I T R W e F

= U =kq"

NI it
[ 12 A ]=—12;“12'/1—i+i]=—1.45g9/x50d

V3 d\ 2
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b) The fact that the electric potential energy is less than zero means that it is
energetically favourable for the crysial ions to be together.

2 i—1
23.54: a) U=2kg" (—l+i_i+...]=_ﬂ2(—1) _
d 24 3d d S

_ 2%
b) U=-=TIn2)

c) The potential energy is the same for the negative ions—the equations are identical
if we examine (a).
2k(1.60 1077 C)* In(2) _

d) If d=2.82»10"" m,thenU =— 55, =-1.132107"% 1.
5 x m

¢) The real energy (—0.80» 107 1) is about 70% of that calculated above.

¥ —12 2
93.55:0) U, =20 D 2WLOIXIVC) _ shixio
. 0.535x10"° m

b) If all the kinetic energy goes into potential energy:

ke’
1|'d?' +x°
2 4k2€4

== —d'=824%10""m" (d =5.35%10"" m)

2
¥

(Note that we must be careful to keep all digits along the way.) = x=2.87x10™" m.
23.56: F =mg tanf = (1.50% 107 kg)(9.80 m/s?) tan (30°) = 0.0085 N. (Balance

forces in x and v directions.) But also:

Fopg=Ve e _(O0055N) (0._(6)500 m)
d g 8.90%107° C

U=, 4 B=-B.60% 107 T4 1025107 = =—7.59%107% ]

=478 V.

" (In/a) - In(5/b)) =

A A
G (In(b/7) - In(d/b)) = B,

(iii) ¥ =10,
by ¥, =V (a)-¥(b)= s

B.57: a) () V= In(b/ ).

JTE

(i) ¥ = In(3/7) .

N

In(?/ a).
Ty
c) Between the cylinders:
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V= In(d/r)= 1[1(29/ ln(b/r)
BV Vs 1
T T e )ar( (’/D_m(b/ )r

d) The potential difference between the two cylinders is identical to that in part
(b) even if the outer cylinder has no charge.

23.58: Using the results of Problem 23.57, we can calculate the potential difference:

Vab 1
— V = Eln(b/
ln(b/a) > ik s o

= ¥, =(2.00%10* N/C) (In (0.018 m/145 % 10 m)) 0.012 m =1157 V.

23.59: a) F=FEq=01.10x10°V/m) (1.60x 107 C)=1.76x 107" N, downward.
b) a=F/m, =(1.76x107" N)/(9.11x 107 kg)=1.93% 10" m/s”, downward.

0.060 m . i g 7 o —
) t=——000M 53,1070 g po y, = — = (19310 m/s?) (9.23 10
) 1= S50 10 mjs ¥ gl N )
—822%10° m.

d) Angle 4= arctan(vy/vx) = arctan{a#/v, ) = arctan(1.78/6.50) = 15.3°.
e) The distance below center of the screen is:

0.120 m
D=d +v=822x10" m+(1.78x10° m/s)—————— =0.0411 m.
- 4 ( m’l)s.soxmﬁ m/s

23.60:

www.FreelLibros.me



Iy p

a) Use AV, wogeti AV =| E-dl= - Int
(@) Use AV, o [Eai=f 5 g —mnt
x:2moﬂV

In b/a
o _ 2me AV /Inbfa AV
2zs,r 2mer »Inbja
at outer surface of the wire, » = a:o.m%
e L — 2.65%10° V/m

(0.003;-??111) ].ﬂ |:fl°£::;c:):|
(b) at the inner surface of the cylinder, » =1.00 cm, which gives
E=1.68x10" V/m

23.61: a) From Problem 23.57,
B 3 50,000 V 1
In(b/z)r In(0.140/9.00x107°) 0.070 m
= E=9.72x10* V/m.
~10(3.00 %107 kg)(9.80 m/s?)

b) F=Eg=10mg=¢g-= o o =3.02x10™" C.

23.62: Recall from Example 23.12 for a line of charge of length «:

v kO Ja'd+x' + a2
a Ja?'/4+.x? —af2
a) For a square with two sets of oppositely charged sides, the potentials cancel and
V=0.
b) If all sides have the same charge we have:

z z
Va4 2
V=4le[1|: a'f4tx +af }, but here x=g/2, so:

a V{a?f4+.x2 —af2

=V

a v’a?+4x?—a a (\E—l)

_ 440 lﬂ{\;"a?+4x? +a1: 4leﬂ{(\E+1)}_

23.63: a)
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- kO (mdr} %O rdr
Jx +r2L zR* R \/.x2+r?

£ 2kQ rdr _2kQ 1
V=
'([ '[Jx + ¢t R? g )

zi[,l'x? + R? —.x]
£

0

W B  FEl & sl fh. b
T RY| 4R 20| 14 RYx?

?
ot

e=xT+AT = 2:;?[ x?._'_ R? _x:|=

23.64: a) From Example 23.12:

Vix) = kO ln|:«||l'a? o a:| kQ |:\|'l + a?/{xg + afx:|

2z el bt g 22 g1+ aQ/x? —alx
2
If g << x, 1+ a"/x* iafx%]—l—%[ﬁj igﬁsl—kg, and ln(l+a)s=sa—|—%a?'+---
x X x

= V(x)= Q|:[ +_[EJ B _[_E+l(£] +J:|:Q|:E:|:@
2 X R ‘ x 2Llx 2al x X

That is, the finite rod acts like a point charge when vou are a long way from it.
b) From Example 23.12:

Vix )__Q 1;‘ag+x?+a =£ln \f]+.x?/‘a?+]
by 2a \l']—l-.x?/a?—l .

2
If x<<a,J1+x"/a’ i]m1i1+15[£J ,andln(l+a)%a+%a2+---
4

SV () ﬁzﬂ{h{wﬂ = @{h{ 4; +1H % 10 @afx)=

2a

a (x*/2a") 2a

In (2a/ x).

0 In(2a/x)= 3 E

e FHEFS

Thus X = 2, and R =2, which is the only natral length in the problem.

i

23.65: a) Recall:ir <R:E=2L =y =— jE dF=—L [ rar=—L (- R"

“g

So with % =zR"p, ¥V = — kn(* / R~ 1),
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2 ¥ ¥
Bor r3 R E=L2 =V=—[E TRy RN TR )
2e4r = 2y =ix 2mey
b)
Sunled £
1 |5 i s
0 -5
23.66: a) V(0.03,0)="C-00x107€)  k(=200x107€) 444+,
0.0300 m 0.01m
-2 -2
(0.0, 005) = FC0x107 0 | K(-200x107C) _ 10

J(0.0300% 4 0.0500°) m  4/0.0100% + 0.0500°
b) W= —gAlV =—(+6.00x10° C)(T18 V)=—4.31x107 J.

Note that the work done by the field is negative, since the charge is moved AGAINST the
electric field.

23.67: From Example 21.10, we have: £, = . x

Az, (JC? -+ a?)m

=V = Q I & _ 9 e [w=at et 1 o

e, (.:i;"E +a )3”'

= i = = Equation
4z, ey x4+ 4°

@

(23.16).

23.68:

1 d_q: 1 Adl 1 gﬁ:L%:}V: 1 “Qdﬂ?: 1 0

d¥ = = :
Aze, v Ay, a  dme, mz oa 4wy, ma e,y ma dms, a

www.FreelLibros.me



03
23.69: a) S and S;: ——j( 5x1+32k) _;dy 0; 5, and 5, are at equal potentials.

03 03
b) S,zande:Vzd=—I(—Sxi+33k)-kdz=—3.[zdz=? ?|§3__ (0.3) =
0 0

—-0.135V .5, ishigher.

03 04
€) S, and S, :V, —— j(—sxf 432k dde=5 jxdx =%xQ = % (0.3)? = 0.225 V.
0 0

S, is higher.

23.70: From Example 22.9, we have:

r>R:E=gi:>V=— e
¥ ¥
r<R:E=@:> = jEd"’ _[E dF _@——jrdr
R R
Syt KL O @J{Qr
R R2 || R R OF
V= %] _i
2R R’
b)
.
Plt‘ {Ih' Plt‘ &If\
23.71: a) Problem 23.70 shows that
v, = Q 33—+ /R forr<Rand ¥, = for » 2 R
Bz, R 4y

V0=—3Q Ty =—=— Q0 ,and ¥, -V, = 0
B, R 4z, R’ B, R

by If @ =0,V is higher atthe center. If @ < 0,V is higher at the surface.
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23.72: (a) Points z, b, and ¢ are all at the same potential because £ =0 inside the
spherical shell of charge on the outer surface. 50 AV, = AV, =AV =0

kg _ (9%10° Nm’/C") (150 x10°7° C)

AV =
R 0.60 m
= 228NV

(b) They are all at the same potential
(c) Only AV would change; it would be —2.25 10% V.

23.73: a) The elecirical potential energy for a spherical shell with uniform surface
charge density and a point charge ¢ outside the shell is the same as if the shell is
replaced by a point charge at its center. Since F, = —dU/dr, this means the force the
shell exerts on the point charge is the same as if the shell were replaced by a point charge
at its center. But by Newton’s 3™ Jaw, the force g exerts on the shell is the same as if the
shell were a point charge. But ¢ can be replaced by a spherical shell with uniform
surface charge and the force is the same, so the force between the shells is the same as if
they were both replaced by point charges at their centers. And since the force is the same
as for point charges, the electrical potential energy for the pair of spheres is the same as
for a pair of point charges.

b) The potential for solid insulating spheres with uniform charge density is the same
outside of the sphere as for a spherical shell, so the same result holds.

c) The result doesn’t hold for conducting spheres or shells because when two charged
conductors are brought close together, the forces between them causes the charges to
redistribute and the charges are no longer disiributed uniformly over the surfaces.

23.74: Maxinum speed occwrs at “infinity™ Energy conservation gives

kg, 4,

-
Momentum conservation: m gv., = m V., and v, =3v 4

—lm V? +—m VQ
— 50 750 150 Y150
2 2

Solve for v, and v, , where »= 0.50 m

v =12.7 mys, v, =4.24 m/s
Maximum acceleration occurs just after spheres are released. 2 F = ma gives

kg g
;Q - =g
. By i =5
(9% 10° Nm*/C?) (10 2c)(3><10 IQ:(O.]Sls:g a5
(0.50m)

2,5 =72.0mjs’
a,, = 3a,,, =216 m/s’
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23.75: Using the electric field from Problem 22.37, the potential difference between the
conducting sphere and insulating shell is:

V——jEdr——ijd kQ[ ;R}:w*:%.

23.76: a) At r:c:V=_jk_fdr:E_

¥ C

o

|-}
b} Abr=Bi¥=— jE dF—[E- gr=tt g5
C

c) At r=a:¥V =— jE dF - [E-d?-]E-d?:ﬁ_kqjd_z:kq[l_lJ,l}
= b E

d) At r=O:V=kq[1

[
same potential as its surface.

= % + l} since it is inside a metal sphere, and thus at the
o

23.77: Using the electric field from Problem 22.54, the potential difference between the
two faces of the uniformly charged slab is:

B2 k(-120x107"° C)
r 650x10°m
b) The volume doubles, so the radius increases by the cube root of two:
=32R=8.19%10" m and the new chargeis Q. =20Q=—240x10"* C. Sothe
new potential is:

23.78: a) V=

=-16.6'V.

KO _K(-240x107" C)
= R 8.19% 107 m

=—264V.

23.79: a)
av, kdg _ kQ dz :V:@j d :@m[xm] k0, [__J

Z+ X d Z+X ZHE X a X

b)

g B B, b g (A Q NELES T
* £ & ﬂ«,,’z?—ky? : a5 z+y ¥
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a_kQ
bl e
i X X
2 2
a +y + +
Jf>>czV=s—QE @ mceln{w]%lu{uJ=ln( aJ -
ay ¥ ¥

X =xa —= . Sinczln(1+ a)sa.

23.80: Set the alpha particle’s kinetic energy equal to its potential energy:

kQ2e)(82¢) k(164) (1.60 x 107" C?
r (11.0% 10° eV)(1.60% 1077 J/eV)
=215% 107" m

E=U=110MeV=

: _ RO _ RO, _ RO _: & _1
23.81: a) ¥ R, RA/S::,QA SQB::»QA -

g

b) £ :_g :kQB:k(QAF/S):SkQA :
a Z 7 Z
or a3 RB (RA/S) RA EA

¥

23.82: a) From Problem 22.57 we have the electric field:
rizR:E:g:V:—_[%dr’:@,
¥ e i
which is the potential of a point charge

4
b) r<R: E_kQ 4—-3— V= _[Edr —_[Edr
P Rr? r

2 2 3 3 ?
syt 1—2—2+2"‘%+"—3 ‘13 L0 A
R R"RR R| R R R

Q k
1 1

b) After electrostatic equilibrium is reached, with charge O now on the original
sphere we have:

23.83:a) E= 0 V_}?SV RE

O .}
0=Q/+ Qaund¥ =¥, = 1 =Tt =00,
_o R & _ Ry _((R/R)Q _ RO
QI_Q?RQ+Q?:Q?_(]+%)_(RQ+R1)andgl_ +2) R +R)
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c) The new potential is the same at each sphere’s surface:
k0 k0,
== - — = =V,
R R +2) (B +R)

d) The new eleciric field is not the same at each sphere’s surface:

L

E :kQIr = le i le
'R RR,(+2) R(R,+R)
o k0 _ kO k0,
.

R'e? RQQ (1“‘% 9 Ry(Ry + R)

23.84: a) We have V(x, v, z)=4(x" — 3" + z°).S0:
¥ aF - oF ~

E=-""0 - j = ji=_2dxi+64dyi—2Azk
a oy &

b) A charge is moved in along the z -axis. So the work done is given by:

0 g
W:.gjﬁ.kdz:qj(_zAz)dz=+(Aq)z; = 4= W?
Za 20 qu
" 6.00 %107 J g
(1.5 107 C)(0.250 m)*

40 Vim”.

c) E(0,0,0250)=—2(640 V/m®) (0.250 m)k = - 320 V/ mk.
d) In every plane parallel to the x -z plane, v is constant, so:

Vg, y,2)=dx’ 442" —C=>x" +2° V+C;R?,

which is the equation for a circle since R is constant as long as we have constant
potential on those planes.

2 2
. Vzlzsovjandyzzm.xg+zg:1280V+3(640V/m )(2.00my _

640 V/m®
Thus the radius of the circle is 2.74 m.
2 -9 2
Basa) B=F ol =5 e RESORIN S
R A 2(1.2 2107 m)(1.67 =107 ke)

=v="T.58%10° m/s.

b) For a helium-helium collision, the charges and masses change from (a):

- k(2(1.60x107° C)y
(3.5 107 m)(2.99)(1.67 » 1077 kg)

=726 x10° m/s.
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c)

2 2 27 & 2
g Bt mt | (A6Tx10 kTSR0 s s
x 2 F % 3(1.38 %1072 J/K)
P (2.99)1L67Tx107 kp)(7.26x 10° m/s)’
g, o Betd_ (G RGTOID BENTAS I ey piig.
3% 3138107 J/K)

d) These calculations were based on the particles® average speed. The distribution
of speeds ensures that there are always a certain percentage with a speed greater than the
average speed, and these particles can undergo the necessary reactions in the sun’s core.

23.86: a) The two daughter nuclc have half the volume of the original wramum nucleus,
so their radii are smaller by a factaor of the cube root of 2:

7.4%x107" m
rzi

=59%10"" m.
2
2 2 —19 2
by U=k(46€) _ k(46) (1.60><11:) Q) e T R
Dy 117210 m

Each daushter has half of the potential energy oun into its kinetic energy whan far from
each other, so:

K=U/2=4.15x10"" I)/2=2.07x107" J.
c) If we have 10.0 kg of uranium, then the number of nuclei is:
n= . = 2.55%10% nuclei.
236 u (1.66 x107% kg/u)
And each releases enerpy U:E =nl/ = (2.55x10°)(4.15x 107" 1)=1.06x 10" T =
253 kilotons of TNT.

d) We could call an atomic bomb an “electric” bomb since the eleciric potential
energy provides the kinetic energy of the particles.

23.87: Angular momentum and energy must be conserved, so:
mvp=mwr and E, = E, = E, =%mv22 + X% g B 11 MeV =1.76 %1077 1.

S
Substituting in for v, we find:
. 4 b’ kg, 2 % i A
E=EFE—+—"==(Em —tgg,»n—E£b =0,and note g = 2e¢and g, =82
L 5
(()b=10"m=r,=1.01x10" m
(i)p=10"m=r=111x10" m.

(i) b=10" m=r, = 2.54 107" m.
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2 2
23.88: a) réa:V=ﬂ[l—3r—Q+2r3}andE=_%

8z, a a
Pold ¥ r palr ¥
S E=-1| —6—+46—<|=2|———|
18¢, a a 3|l a oz

r2a:V=0andE=—%=0.
o

2
b) P‘Ea:Ein-}IV?:&:@ i—r—? Ay’
& Be|la a

E +¢4}"C(P‘? + 2rdr) =

<5 3e, a a

2
Q,,_”}=E|:r+dr_(r +%rdr)}4x(rg+2rdr)

_ Qs =0 p0Wmtdr | peterdr { ¥ 1}

3 2
& £a £ a a a a

:)p(r)=%|:3—%:|=po|:l—%:|.

c) r2a:p(r)=0, so the total charge enclosed will be given by:

F a 45 1 P
=4 r)idr = 4 P ——|dr=dmp, | = ——| =0.
0 !p( ) Pol| { = } Po [3 3&1

Therefore, by Gauss’s Law, the electric field mmst equal zero for any position » 2 a.

; 4r prgd

23.89: a) F =mg= Aar =
ah

3
by F =mg=ﬁpg=6mﬂfr=Fu:>r= m
: 3 2pg
3 3 3
gotmesd| ol yo @ v
3 Va |[N2p8 Voo ¥ 2pg

pg=qV,/d=qE=F = g=

=3 =5 243 -3 3
o q:1sﬂ-10 m [(1.81%10 Ns/m})(]ﬂ mf§9.35) B R
916V 2(824 ke /m*)(9.80 mfs®)
-5 2z -3
__ [901.81x10 st:;n )10 nﬂ?39.3s):5.0?x10_?m
2(824 kg/m*)(9.80 m/s")

23.90: For an infinitesimal slice of a finite cylinder, we have the potential:
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kdO %8, dz
dv = X
Ja-—2+R L Jx-z) + R
I = -z
NS L T R R
L Spalle—sy + B L 5 Ji 4+ R
ey F(L/z— DR 42— )

L Ju/2-xf+ R —Lj2—x

} on the cylinder's axis.

b) For L << R:

e kQ JO2 -+ R 4 22— kQ Sl B L2 —a
J(L/2+x) FRr . ,jx Sl A RE B
B J1—xL/® +xj+(L/2—.x)/1f}R i
L | 14+3L/® + 25+ (-L2 - 0)/ R + 57
ko | 1-xLf2R 4 B @2 -0 R+ 2
=¥VF=""h
L |14 xL/2URY + 25+ (-L)2 - x)f JR* + &
2 5 i L+ L/2R +a" | k0 o i ) OO ¥ S
L |1-rfofJRP 4| L 2R + &7 2R + &

K 2L k0

=¥V = = , which is the same as for a ring.
L ofx?+ R? yjx’+ R
) o 8V _ 20 (\,’(L —2x)? +4R? — JL +20)" + 432)
C = — — = .
éx

JE =207 +4R? . (L + 20)% + 4R
23.91: a)

_my +myy, (6><10_S kg)(400m,/s) +(3%107 kg)(lSOO m/s)
Y+ 6.0x107 kg +3.0x10" kg

1
b) Erei o Em Vl + zm‘iv?. k.?:‘q? i

L]

= 700 m/s

1
5 (ml & m?_ )chlz'

After expanding the center of mass velocity and collecting like terms:
- 1 _mm, K\,
L

et T
2 m +my

k
M+ — 2uw 1+ My
5

= IE#(VL Vz) =+
o) £, =L(2.0%1077 kg)900mfsy: + 2L 10 CHES B 0
S 0.0090 m
d) Since the energy is less than zero, the system is “bound.”
e) The maximmum separation is when the velocity is zero:
www.FreelLibros.me
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] -
_1_9J:k‘11§"z :r:k(z.oxm C;(Q_JS'OXIU Q)
r = .

=0047 m

f) Now using v, =400 m/s and v, = 1800 m/s, we find: £, = + 9.6 1. 50 the particles
do escape, and the final relative velocity is:

24.1:

24.5:

|vl—v2|= M = 2(9'6_]5) = 980 m/s.
i 2.0x107" kg

O=CV=(25.0V)7.28 uF)=1.82 %107 C.

A 0.00122 m*

) e tam s T qogup
) ‘2 7 0.00328m >
435210 C
by BB N C
€ 329x107F
3
& Bl AN ot v,
d  0.00328m
0.148 x 10 C
g -2 28 TC
€~ 245x107° F
—10 -3
by 48 _ (A5 x10CFX038 X107 m) o 1oy
£y £o
o Bimtm TV v,

d 0328%10° m

d) E=L = o=cF=5(184x10° V/m)=1.63»x10"° C/m".
=g

AV=Ed="4d
€
_ (5.60% 107 C/m")(0.00180 m)
8.85%10™ C*/Nm®

=114 mV

a) O—CV —120 uC
by C=2z,4/d
d -5 df2 means € — C/2and Q -5 Q}2 = 60 uC:
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¢) »—>2r means 4 — 44.C - 4C, and Q — 40 = 480 pC

24.6: (a) 12.0V since the plates remain charged.

® @ V=%
() does not change since the plates are disconnected from the barttery.
g A
s
d

If 4 isdoubled, C - 4 C,s0¥ — 2F = 24.0V

(ii) A=mr", s0if r = 2»,then 4 — 44, and C — 4C which means that

V—}%V=3.00V
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24.7: Estimate r=1.0cm
co ﬁ Sl Som‘ .EOJ'E(O 01 0_1]::3[1)
d 6 1.00x107*F

The separation between the pennies is nearly a factor of 10 smaller than the diameter of a
penny, so it is a reasonable approximation to treat them as infinite sheets.

= 2.8 mm

24.8: (a) AV =FEd
100V = (10* N/C)d

d=10"m=1.00cm
SOA EOFR

Cd 4Cd
4,

R= \/4(5.00 2107 )10 m )9 »x 1¢° 1\%‘)

R=424%10"m=424cm
() Q=CF = (5pF)(100 V) = 500 pC

25,
24-9- ) E = ]n(—/r)

(0180 m)2xz,
In(5.00/0.50)
by F=0/C=(100x10""C)/(4.35x107" F)=230V

=435 10" F

M _ M _177=% =584,
C/L  31.5x10% F/m r

a

wan:ay o
L In(n/r)

b) %=V%= (2.60V)(31.5x 1072 F/m)=8.19x 107 C/m.

In(r,/r,) =

YUil:a) CfL=—T5 27y =6.56%10™ F/m.
In(x, /v,) In(3.5 mm/1.5 mm)
b) The charge on each conductor is equal but opposite. Since the inner conductor
is at a higher potential it is positively charged, and the magnimde is:
O-CV = 2me LV 27, (2.8 m)(0.35 V) 643107
ln(rbfra) In(3.5 mm/1.5 mm )
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24.12: a) For two conceniric spherical shells, the capacitance is:

1| 7y ; ECy,
C=—|—2t =k —kCr,=rn =n = =
kin-r =i

_ k(116 x10™" F)(0.150 m)
k(116 x 107 F) - 0.150 m
b) ¥ =220V, and O=C¥F =(116x 1072 F)(220 V) =2.55x 107 C.

=0175m

)

54182y O=1| e | L[ OMBIOIINY |y gt
n—r ) &\ 01486m-0125m
b) The eleciric field at a distance of 12.6 cm:
=11
o g: kC,;V _k(3.94x10 F)(2120 Ny _ 6089 N/C.
¥ ¥ (0.126 m)
c) The electric field at a distance of 14.7 cm:
-1l
e £= kC?V 0 k(8.94 %10 F)(QIZO V) 468 NIC.
w ¥ (0.147 m)
d) For a spherical capacitcr, the electric field is not constant between the
surfaces.

1 1 1 1 1
24.14: a) — = =i [ o+ —g
Ceq C+C, € ((B3.0+50)2x107F) (6.0x107 F)

=S S THRRITTR

The magnitude of the charge for capacitors in series is equal, while the charge is
distributed for capacitors in parallel. Therefore,

O =0 +0,=VC, = (4.0 V)(342x10° F)=8.21x107 C.

Since €| and C, are at the same potential, %=g—z:> Q, =§—TQ1 =%Q,
O =30 =821x10"C=Q =3.08x10" C,and Q, =5.13x 107 C.
b) ¥, =V, =0,/C =(3.08x107° C)/(3.00x 10° F)=10.3V. And 7, =
24.0V-103V=13.7V.
c) The potential difference betweena andd: ¥V, =¥ =V, =103 V.

A af et ] -
C, G+D)+C € (200uF+4.04F) (4.0 4F)
= C,, = 240 4F.
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Then, O, + 0y = @, = O, = CV = (240107 F)(28.0 V) = 6.72x 107 C and

=3
20, =0 =0,= Qo = b7 X;O & =224%107 C,and O, = 448 x 107 C. But

3
also, O, =0, =0,,=2.24x107 C.

b) ¥, =0Q,/C =(224%107 C)/(4.00x10F F) =560V =7,
V,=0,/C, = (448 107°C)/4.00%10° F)=11.2 V.
V,=0,/C, = (6.72x107 C)/{(4.00%107° F)=16.8 V.

c) V,,=V,—V,=28.0V-168V=112V.

24.16: a)
1 1 1 1 1

=t E o =

C, C €, (O0xI10°F) (5.0x10° F)
=5.33x10° F' = C,_ =1.88x10" F

= Q=VC,_ =(52.0 V)(1.88x107° F)=9.75x107 C

b) ¥, =0/C=9.75x107 C/3.0x10° F=32.5 V.
¥V, =0/C, =9.75x107° C/5.0x10° F=19.5 V.

24.17: a) Q1 = (52.0V)(3.0x10™ F)=1.56x10* C.

O, = (520V)(50y10 F)=2.6x10" C.
b) For parallel capacitors, the voltage over each is the same, and equals the
voltage source: 52.0V.

24.18: C_ — —) L B F = ;ﬁ’r’; So the combined capacitance for two

capacitors in series is the same as that for a capacitor of area 4 and separation (4, +4,).

24.19: C_=C +C, = foh Sy _ 5l 96 the combined capacitance for two

capacitors in parallel is that of a single capacitor of their combined area (4 + 4,) and
common plate separation 4.

24.20: a) and b) The equivalent resistance of the combination is 6.0 uF, therefore the
total charge on the network is: O =C_}V_ (6.0 uF)(36 V)= 2.16 107 C. This is also the

charge on the 9.0 4F capacitor because it is connected in series with the point b. So:
www.FreelLibros.me



v, :&:2.16x10_:c:24v_
¢, 9.0x10T"F
Then Vy=F, =V, +¥F, =V -1,=36V-24V=12V.
=0, =CF, =(3.0 iH)12V)=3.6x107 C,
—3 G s ans i S S DR A I 2 e
=2Q=0,=0-0 -0,
=2.16x10" C-3.6x107 C-1.32x107° C.
=4.8x107 C.
So now the final voltages can be calculated:
e 48%107° C &

- —8V.
“T ¢, 60x10°F
0, 48x10°C

C, 12x10°F
c) Since the 3 ;F, 11 yF and 6 pF capacitors are connected in parallel and are in

12

series with the 9 ¢F capacitor, their charges must add up to that of the 9 iF capacitor.
Similarly, the charge on the 3 4F 11 4F and 12 xF capacitors must add up to the same as
that of the 9 xF capacitor, which is the same as the whole network. In short, charge is

conserved for the whole system. It gets redistributed for capacitors in parallel and it is
equal for capacitors in series.

24.21: Capacitances in parallel simply add, so:
11 { 1 L]
C, B80xF | (11+40+x)uF 9.0uF

J::»(15+x),uF=?2sz:>x=5?yF.

24.22: a) C| and €, are in parallel and so have the same potential across them:

—6
V:ﬁ: 40.0><10_6(Z _1333V
C, 3.00x10°F
Thus O, =¥, =(13.33 V)(S.OOX]O_6 F)=80.0x 10°° C. Since (), is in series with the
patallel combination of € and C,, its charge must be equal to their combined charge:
40.0%107°C +80.0%107° C=120.0x107°C b) The total capacitance is found from:
1 1 1 1 1
— =4t —= +
¢ G 9.00x 10°F 5.00x10°F

£
€, =3.21,F

bot

and

—6
y, =G 1200407°C_
C, 3.21x10°F
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24.23: V= Q,/C, = (150 xC)/(3.00 yF)=50V
¢, and C, are in parallel, so ¥, =50V
V,=120V -} =70V

24.24: a) ¥V =0/C=(2.55 uC)/(920x 107 F)y=2772 V.
b) Since the charge is kept constant while the separation doubles, that means that
the capacitance halves and the voliage doubles to 5544 V.

c) U=1CF* =1(920x107" F)(2772 V)’ =3.53 %107 1. Now if the separation
is doubled, the capacitance halves. and the encsrgy stored doubles. So the amount of work
done to move the plates equals the difference in energy stored in the capacitor, which is

3.53%107 1

24.25: E=V/d = (400V)/(0.005m)=8.00> 10" V/m.
And u=1eE" =1e (8.00x10" V/m)* = 0.0283 I/m’".

24.26: a) C=0/V =(0.0180 xC)/(200 V) =9.00 x 107" .

by o Bl o (G (9.00%107™" F)(0.0015 m)
d

0.0152 m".

£ &g

€) Epe = Ve [ @ = Vg = Eried = (3.00 10° V/m)(0.0015 m) = 4500 V.
0" (1.80x107° )

d) U= 0 180x107F 1.
2C  2(9.00x 107 F)

24.27: U=41CV* =1 (4.50x107 F)(295 V)’ =19.6 1.

24.28: a) Q=CV,.
b) They must have equal potential difference, and their combined charge must
add up to the original charge. Therefore:

y:&:%aﬂdalsog + 0, =0=C¥,

L 2z

q:CandC:g:ESO%:A_)Qz:g
2 c (/Y 2
3 ) o 20 2
Q 2Q1 Q 3Q50 c 3¢ 30
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€ ¢ | 3¢
d) The original Uwas U =1V, = AU =2LCV,".
e) Thermal energy of capacitor, wires, etc., and eleciromagnetic radiation.

of U:1[9_3+Q_JJ_1 (%Q):Z(%Q)?}_lg_g_lc%z
B0 Gy 3

z Z
24.29: 2) U, =2 _2€

20C 26,4
b) Increase the separationby dx = U = % =U, (1 + dx/x). The change is
then %d_x.
c) The work done in increasing the separation is given by:
2 z
dW=U—U0=d'xQ =Fdx=F = 0 :
gd 2z,

d) The reason for the difference is that ¥ is the field due to both plates. The force
is QF if E is the field due to one plate is ( is the charge on the other plate.

24.30: a) If the separation distance is halved while the charge is kept fixed, then the
capacitance increases and the stored energy, which was 8.38 ], decreases since
U=0° /ZC. Therefore the new energy is 4.19 1.

b) If the voltage is kept fixed while the separation is decreased by ons half, then
the doubling of the capacitance leads to a doubling of the stored energy to 16.76 I, using

U=CV* /2, when V is held constant throughout.

24.31: ) U=0%/2C

0= 2uC =J2(25.0 N(5.00%107 F)=5.00x107 C

The number of electrons N that must be removed from one plate and added to the
otheris N =0 [e=(5.00x107* C)/(1.602 % 107% C) = 3.12 % 10"* elecirons.

b) To double U7 while keeping O constant, decrease C by a factor of 2.

C =g,4/d; halve the plate area or double the plate separation.

—12
24.32: ngz 8.202107°C
v 240V

Since C = Ke, 4/d for a parallel plate capacitor
_Ksyd _ (1.00)(8.85 %107 C*/N-m”)(2.60 %10 m*)
& 3417 %107 farad

=6.734%107m

2417 x 107" farad

d
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The energy density is thus

LCP? L(3.42%10°7 farad)(2.40 V)?
gl . g IR BBMIGAUNT , pan qiprd
dd  (260x107m))(6.734 107 m) m

E_ 2(3.20 % 107 I
v 4.00V
2z, v

b) % Sy = (e, L/C) = exp(2az LV Q)

24.33: a) UzleV:Qz ~1.60%107° C,

= 12— oxp(2rme, (15.0 m)(1.00 V)/(1.60 % 107 C)) —8.05.

w? |

24.34: a) For a spherical capacitor:
_1 7z 1(0.100 m)(0.115 m)
kr,—r, k(0.115 m - 0.100 m)
=¥ =0/C=(330x10° C)/(8.53%x 107" F)=38.7 V.
1 _ (8.53x107" B)Y38.7 V)*

b) U=—C¥V*= =6.38x107° I,
2 )

=8353x10°MF

1 b
24.35:a) u=—s B =2 1| %
2 2 ]

K
= u=1.64%10" J/m*.

b) The same calculation for »=14.7 cm = » = 8.83 % 107° I/m>.

c) No, the eleciric energy density is NOT constant within the spheres.

RO gk (120 V) (8.94 1071 BY?
7 2 (0.126 m)*

>

2"\ dme, r2) " 322%, (0.120m)*

b) If the charge was —8.00 nC, the electric field enerey would remain the same
since {7 only depends on the squarz of E.

£ B
24.36: 2) u=%aoE?=1eo[ 1 i} 1 @00x10° G, 1 yno gt

24.37: Let the applied voltage be V. Let each capacitor have capacitance C. [/ = é—CVQ

for a single capacitor with voltage ¥.
a) series
Voltage across each capacitor is 7/2. The total energy stored is

U, = 2[12 C[V/2]?j = icp?
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parallel
Voltage across each capacitor is ¥. The total energy stored is
2 2
U, =20lcvt)=cr
U, =4U, b) O =CV for asingle capacitor with voltage V.
o =2Aclv/2)=cv; @ =2Ccr)=20Y; Q =20,
¢) E =V/d for a capacitor with voltage V"
E =V/2d; E =V/d; E =2E

24.38: a) C=K:, 4/d gives us the area of the plates:
: —12 . ; =3
e E (5.00 %10 faladl(?].ﬁgﬂx 10 & o) 84752107 m®
Kg  (LO0YB.85»x107°C/N-m")
Wealso have C=Ke, 4/d =0/V,500 = K5, 4(V /d). V' /d is the eleciric field
between the plates, which is not to exceed 3.00 x10* N/C. Thus

O=(1.00)8.85x 1072 C* /N-m*)(8.475 x107* m?*)(3.00x 10* N /C)
=225%x107" ¢

b) Again, Q= Ke d(V /d)=2.T0e,4(V /d). If we continue to think of ¥ /d as
the electric field, only X has changed from part (a); thus ¢ in this case is
(2.70)(2.25%x107°C)= 6.08 x 107" C.
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24.39: 2) 5,=¢, ((3.20-2.50)%10° V/m)=620%10"7 C/m’. The field induced in the
dielectric creates the bound charges on its surface.

3
b) Kzﬁ— 3.20x10" V/m 1.8,

E 250x10° V/m

24.40: a) E, = KE =(3.60)(1.20x10° V/m) =4.32x10° V/m = 6 = 5, E, =
3.82x%107 C/m®.
b) ¢, = {1-%}: (3.82x107 C/m®)1-1/3.60)= 2.76 x 107 C/ m".

€) U=+CV* =udd =L K E*4d
= U =1(3.60)5,(1.20% 10° V /m)*(0.0018 m)(2.5x 10~ m*)=1.03x 107 J.

|
Ked _KedE €V (125¢10 F)(SSFOOV) 0.0135 o
v Ez,E (3.60)5,(1.60 %107 V/m)

24.41: C=

24.42: Placing a dielectric between the plates just results in the replacement of ¢ for £,in
the derivation of Equation (24.20). One can follow exactly the procedure as shown for
Equation (24.11).

24.43: a) & =Ke, = (2.6)s, = 2.3 %107 C*/ Nm”.
b) V. =E_d=(20x10" V/m)(2.0x10" m)=4.0x10" V.

0) E=— = g=¢E=(23210" C*/Nm®)(2.0% 10" V/m) = 0.46 x 10~ C/m".

£q

And o, =g[1—%]= (046 %107 C/m* )1 -1/2.6)=28x10" C/m".

24.44: a) AQ=0-0,=(K —1Q, = (K -DC¥, = 2.1)2.5x107 F12V) =

6.3%107° C.

b) O =0l-L)=(9.3x10° O)(1-1/3.1)=6.3x10° C.

¢) The addition of the mylar doesn’t affect the electric field since the induced
charge cancels the additional charge drawn to the plates.
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o -5
WdSia) U= oCpt = (tou o [2AESXID D) g5
2 c, V\(@.60x107 F)

-5 -5
b) UleCOVQ e = 2(2.32%107° +1.85% 10 i e
2 c,V (3.60x 107 F)10.1V)

24.46: a) The capacitance changes by a factor of X when the dielectric is inserted. Since
¥ is unchanged (The battery is still connecied),

Cou _ Quiw _4509C_ 1 cq
Cretre  Poee 23-0pC
b) The area of the plates is =" = x(0.0300 m)” = 2.827 x 10" m"*, and the

separation between them is thus

_ Ked  (1.00)B.85x1072 C?/N-m?)(2.827 %10 m?)

d —12
& 12.5 %107 farad
=2.002%10" m
Before the dielectric is inserted,
c_Kad_Q
d ¥
yo 0d _ (250107 C)(2.00% 107 m)
Kepd  (1.00)(8.85%107% C*/N - m*}(2.827 x 10~ m?)
=2.000V

The battery remains connected, so the potential difference is unchanged after the
dieleciric is inseried.
c) Before the dielectric is inserted,

e 25.0x107% C
5KA  (885%1077 C*/N-m*)(1.00)(2.827 %107 m*)
=999 N/C

Apain, since the voliage is unchanged afier the dieleciric is inserted, the eleciric field is
also unchanged.

24.47: a) before: ¥, = Q,/C, =(9.00x107° C)/ (3.00x107° F)=3.00 V
after: C=KC, =150F; 0=,
V=0/C=0600V;V decreases by a factor of X

b) E=V¥/d,the same at all points between the plates (as long as far from the
edges of the plaies)
before: £ = (3.00V)/(2.00x10™ m)=1500V/m

after: E =(0.600 V)/(2.00x10 m)=300 V/m
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24.48: a) §KE-A=%:>KE4;HEQ g L
£g

£a dred®’
- +
b) §E-di-Toa L% gy 809 g 974,
£y Lo £y dre,d

= o =4+ g =g/ K.
c) The total bound change is g, = q(ﬁ - ])

24.49: a) Bquation (25.22). {KE-dd=2= = KE4=-£2= F=-2 -2

Kegd

by ¥=Ei=22 22

Kegd  ed
o = gt e
v o d d

gd _ 5(0.16m)*
d 47x107m

b) O=C¥V =(4.8x10"F)A2V)=0.58%10" C.

¢) E=V/d =(12 V)4 7% 10" m)=2553 V/m.

d) U=iCV?=L(48x10"E)12 V) =3.46x107 1.

e) If the battery is disconnected, so the charge remains constant, and the
plates are pulled further apart to 0.0094 m, then the calculations above can be
carried out just as before, and we find:

24.50: ) C= =4.8x10" F.

a) €=241x10"F b) 0=0.58%107 C,

¥ .
& E=35iVim  dy g2 0BT C)

= 2 =691x107 1.
20 2{2.41x107'F)

24.51: If the plates are pulled out as in Problem 24.50 the batiery is connected,
ensuring that the voltage remains constant. This time we find:

a) C=24x10"F b) 0=29x10""C ¢ /IR & .
d  0.0094 m

Cr? (24 %107 F) (12 V)?
2 2

=1.73x107° 1.

d) U=

24.52: a) System acts like two capacitors in series so € = (CL+ CL}l
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b) After rearranging, the F fields should be calculated. Use superposition recalling

E= % for a single plate (not E% since charge ( is only on one face).

between 1 and 3: E = QQ = Q? +{ Q?JJr{ Q?J = Q?
2e,L 25, 1 2e,L ? 2e,l A sl

between and 2: E= QQ + QQ + g + 2 =ZQ
2e5L el ), . .

between 2and 4: K = QQ + QQ |2 - 2 =_Q
2e,L 2e0L° ), 3

1

¥ 2 2 2
Uw=[%50EQJLEd=12£0[ £ 9 JL%JQ‘E

2 rd 2 rd 2 rd
S A A i &

2 2 2
Aoy _y=3d 0d_20%4

elE  mlE mlt
This is the work required to rearrange the plates.

24.53: a) The power output is 600 W, and 95% of the original energy is converted.
= E=Pt=(2.70x10°W) (1.48x107 5)=4001 . E, =1 = 4211,

b) UleV?:ngzmzo.OsalF
2 vEo125V)
—5 2
sl =t JERURN Wl gy gy

d 7.00 %107 m
= C=C, +025pF=781x 10" E.

=5 2
Bur €= 20 o AR (420310 M)y 76, 104
d’ & 7.81x107"F
Therefore the key must be depressed by a distance of:

700107 m—-4.76x10™ m = 0.224 mm.

2me, L 2re L 2me, L 2ar Le, 2,4

InG, /) Wn(d+r)/r) Ind+d/r) d T

b) At the scale of part (a) the cylinders appear to be flat, and so the capacitance
should appear like that of flat plates.
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24.56: Originally: Q =C¥, =(9.0 uF) (28 V)=2.52x107" C; @, = C,F, = (4.0 1iF) »
(28 V)=1.12x107 C,and C,,=C +C, =130 yF So the original energy stored is
U= %CQV? =4(13.0% 107° F) (28 V)? = 5.10 107 1. Disconnect and flip ths capacitors,
so now the total charpe isQ=0, - G =14 x 107* C, and the equivalent capacitance is
still the same, C_ =13.0 zF. So the new energy stored is :
_9F  paxIt ey
2C,,  2(13.0x 10° F)

= AU =745210"1-510%107 JT=—-4.35%107 J.

=754%107" ]
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24.57:a) C =4.00 pzF +6.00pF=10.00 pF, and @, = C, V = (10.00 4F) (660 V) =
6.6x 107 C. The voltage over each is 660 V since they are in parallel. So:

O, =CV, = (4.00 xF) (660 V)= 2.64 x107 C.
0, =C,¥, = (6.00 zF) (660 V) =3.96x 10 C.

b) Q. =396%107 C—2.64 x107 C=1.32%10" C, and still C,_ =10.00 xF,
so the voltage is V= 0/C'= (1.32 %107 C)/(10.00 xF) =132V, and the new charges:

O, = CV = (4.00 xF)(132 V) = 5.28 x 107* C.
Q, = G, = (6.00 xF)(132 V)= 7.92 x10™ C.

24.58: a)

‘_ L
Bal s
‘ i L=

C,, =%+ =C Sothe total capacitance is the same as each individual capacitor, and

the voltage is spilt over each so that ¥ =480 V. Another solution is two capacitors in
parallel that are in series with two others in parallel.

b) If one capacitor is a moderately good conductor, then it can be treated as a
“short” and thus removed from the circuit, and one capacitor will have greater than 600

V over if.

BB e ! 1ﬂti:m:'l:c;:zf:2 and
C,. € C2+ié+éi C.
I 2 B 3 3
C,=C,=C,80—=—+—="C,=C,_==C, =252 F.
TRV e e, T e gt o

b) Q=CVF =(2.52uF) (220 V)=5.54x107 C=¢), =),
=S¥V =V,=(554x10"C)/ (8.4x10° F)=66 V.
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So ¥, =220—2(66)=88 V=0, = (88 V)(4.2 xiF)=3.70x107 C.Also¥, =V, =
LB3V)=44V =0, =0, = (4 V)(4.2 zF)=1.85x 107*C.

24.60: a) With the switch open: €, = [[sks + 7" + (e + 5 J* )= 4.00 4
=0, =C V=400 4F)(210V)=8.4x% 107 C. By symmeiry, each

capacitor carries 4.20 x 10 C. The voltages are then just calculated via ¥=0/C.
So: ¥V, =/C, =140V, and ¥ _=Q/C. =T0V =V, =V, -F_ =70V,

b) When the switch is closed, the points ¢ and d must be at the same potential, so
the equivalent capacitance is:

|
C = - + . =4.5 uF.
Tl @B+e)yuF (3+6)uF
= O =€ =450 yF) (210 V) =9.5% 107 C,and each capacitor has the same

potential difference of 105V (again, by symmetry)
c) The only way for the sum of the positive charge on one plate of C, and the

negative charge on one plate of Cto change is for charge to flow through the switch.
That is, the quantity of charge that flows through the switch is equal to the charge in
Q. — O, = 0. With the switch open, @ =@, and @, — @, = 0. After the switch is closed,

Q, —Q =315 pC; 215 uC of charge flowed through the switch.

L o, 3 . 4
84 uF 84uF 4.24F
= Q=CFV=(21uF)(36 V)=7.50x107C.

b) U=4CF =421 4F) (36 V)" =1.36x107 1.

c) If the capacitors are all in parallel, then:
C., =(8.4uF+84 uF+42uF)=214Fand Q=3(7.56x107C) =227 x107* C,
and ¥'=0Q/C=(2.27x107* C)/(21 zF) =108 V.

d) U=4CV* =L1(21 4F) (108 V)" =1.22x107 1.

-l
24.61: a) cﬁq:[ J =2.14F

1 1

—+—

4.0 uF 6.0 4F
=Q=CV=(24x10"F) (600V)=1.58x107C

and ¥, = Q/C, = (1.58 x 107 C) /(4.0 zF)=395V = 7, = 660 V — 395V =265 V.

-1
24.62: a) ch=[ J =™ E
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b) Disconnecting them from the voltage source and reconnecting them to
themselves we must have equal potential difference, and the sum of their charges must be
the sum of the original charges:

Q=CVad O, =CV =20=0 +&,=(C+C)¥V

-3
20 2L8x10°0) ey
C+C 100x10°F

=0, =#.00x10° F)(316 V)=1.26 x107 C.
=@, =(6.00x107° F)(316 V)=1.90x 107 C.

24.63: a) Reducing the furthest right leg vields C' = (‘59‘;rF Fogi b }1 =

2.3 yF=C/3. It combines in parallel withaC, = C=4.6 yF+ 23 yF=69uF=C,. So
the nexi reduction is the same as the first: C = 2.3 xF = (/3. And the next is the same as
the second, leaving 3 €, *s in series soC_ = 2.3 uF= (/3.

b) For the three capacitors nearest points a and b:

Op, =C ¥V =(2.3x10" F)@20V)=9.7x107 C
and Q. =C,V, =(4.6x107° F)(d20 V)/3=6.44 <107 C.

c) ¥V, = %(“3—0 V)= 46.7 V, since by symmetry the total voliage drop over the
equivalent capacitance of the part of the circuit from the junctions between &, ¢ and
d,b is 42V, and the equivalent capacitance is that of three equal capacitors C, in series.
V.. is the voltage over just one of those capacitors, i.e., 1/30f 4£ V.

24.64: (a) C_,, =C +C,+C, =60 4F
O =CV = (60 uF) (120 V) = 7200 pC
ol ol T
Ce-qﬁv Cl C’E C3
oy = 545 1

0 =C¥ = (5.45 uF)(120 V)= 654 xC

24.65: a) Q is consiant.
with the dieleciric: ¥V = Q/C = Q/(KC,)
without the dielectric: ¥, = Q/C,
V,/iV=K,s50 K={450V)(11.5V)=3.91
b)
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A3 A3

A 2A/3 ‘
|
Let C, = £, 4/d be the capacitance with only air between the plates. With the

dielectric filling one-third of the space between the plates, the capacitor is equivalent to
¢, and (; in parallel, where C, has 4 = 4/3and C, has 4, =24/3
C=KG/3.C=2C/3;C, =C+C,=(C/3)(K+2)

8 0.3 150 3 0, e
B CO[K+2] p"[snz} (45'0\0(5.91] =Y

L=t

24.66: a) This situation is analagous to having two capacitors €| in series, each writh

4 1 i 1 1_1 1 Egd _ spd
separation 5 (¢ — «). Therefore C'= (?:Jr?: S S

sd _g5d d d

b) C=

d—-a d d-a ‘d-a
c) As @ > 0,C > C. Andasa > d, C —> .

24.67: 2) One can think of “infinity™ as a giant conductor with "= 0.

by C= % = m = dze R, where weve chosen ¥ = 0 at infinity.
c) C,=4u,R, =4 (64x10° m)=7.1x10" F. Larger than, but
comparable to the capacitance of a typical capacitor in a circuit.

=10 ]

24.68: ) r{R:uz%aoE? =0,

2 2
b) r>R:u=é—eoEQ=%£0[ 0 J 0

| 74"
drer 32m e,y

= 7 Y.
¢) U= [udV =4x [y udr= © jd—:= e

. Bregp v Smg,K-
Q?
e

d) This energy is equal to +

which is just the energy required to assemble all

the charge into a spherical distribution. (Note, being aware of double counting gives the
factor of 1/2 in front of the familiar potential energy formula for a charge Q a distance R
from another charge ()
e) From Equation (24.9): U = £ = -2 from part (¢) = C =4z,R, as in
Problem (24.67).
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2 7 7
24.69:  a) r<R:u:%£0Ee:1£0(er]_er

T W LI ST
2 2
o X e o TRD kQ
b) r>R.u=§£0E =550[?] g
R 7 R 2
C)r":R3U=IudV=4Ej??udr=£6]r4dr=£.
: 2R® § 108

. . i ?

r>R:U=IudV=4;rjr2udr=k§ _‘f::f‘;% :U:sig .
¥

R

.3

2
1 1 % 3
24.70: a) u=—gkE =—¢g e
ik 2 2o, L5
2t 2
b) U:jMV:MjM:—:i £:>E=l—l[1(g)’ra).
A, ¥ ¥ L 4,
c) Using Equation (24.9):
Q? Q’E ?\JQL
i In(r, /¥ )= In(z, /¥ ) =1 of part (b).
zc 4}55_0-[) ( b a) 4;1?50 ( b a) p (b)
AN AT b g ¥ F gy g @
14.71: € =|| 25| +| 22| | = + = e
d/2 dl2 224 ) | 2,4 2,4\ KK,
c 24 KE, )
L

24.72: This simation i3 analagous to having two capacitors in parallel, each with an
area<. So:
£ A2 &, 412 s,.4
=048, =%+%=°§(K1+K?).

g 0.50x 107 C/m*
Ke, (5.4,
b) ¥ =Ed=(1.0x10" V/m)(5.0x 107 m)= 0.052 V. The outside is at the higher
potential.
c) volume =107 m* = R~ 2.88% 10" m
www.Freelibros.me

=1.0%10" V/m.

24.73:a) E=



= shell volume = 47R’d = 4m(2.38 107 m)* (5.0 210" m) = 5.2 107" m’
S U=ulV = (K, BNV =5(54),(1.0x10° Vim)* (5.2 %107 m*)=1.36x107" 1.

Eepd . (2.500e,(0.200 m*) (3000 V)

24.74: a) Q=CV = V= ~ —1.33x107° C.
d 1.00x 1072 m
b) O =00-1/K)=({1.33x10% C) (1-1/2.50)=7.98x 107" C.
2 —4
g g=lo B LB L apgium
e Keyd  (2.50)e, (0.200m?)
d) U=129V=12(1.33><10“5 C) (3000 V) =2.00>10 J.
2.00%107 J
T - =1.00 /m® = or

Ad  (0.200m?) (0.0100 m)
1= LKz, E? = 1(2.50)5,(3.01x 10° V/m)? =1.00 Jm’,

) In this case, one does work by pushing the slab into the capacitor since the
constant potential requires more charges to be brought onto the plates. When the charge
is kept constant, the field pulls the dieleciric into the gap, with the field (or charges)
doing the work.

24.75: a) We are to show the transformation from one circuit to the other:

§. i .
! ‘ f s

H 4
0%e ) |
///fx ™ \\ and i S —
= % Gty
%
; "

tr

Cirenil 1 Circuit 2

From Circuit 1: ¥, = D gnd V= 9245 , where g, is derived from ¥, :
¥ x
P B GG G COCG |a @l _gla @
A A Gl s O.L, L )
From Circuit 2: ¥V W_qz:q . ] }+qgiand
cl c, Z T C,

9  491t4 1 1 1
V.. =—Q+¥=ql—+q2[—+—}
C’P_ C3 C3 C’E C3
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Setting the coefficients of the charses equal to each other in maiching potential
equations from the two circuits results in three independent equations relating the two
sets of capacitances. The set of equations are:

L=L{_L_L},L=L{_L_L}mi= L
G oY ke, RO C O EC, KC C, KCC
From these, subbing in the expression for X, we get:

Q= 4 EC O C e,

C,=(CC,+CC +CCHC,.

Cy=(C,C, +C,C,+CCHLC,.
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b) Using the iransformation of part (a) we have:
[ I o [icd

3 | | o ﬂ_{ __‘ ;:
\ I
>/ }Q\ = E—— (‘.‘_
% / € F
%,
.l'; b
ol ¢

Where C, =126 uyF, C, =28 uF, C, =42 yF,C, =42 4F,C_ =147 xF, and
C, =32 uF. Now the total equivalznt capacitance is:

-l
{1 = . + ! + d + . -+ : =14.0 4F,
= \T2uF 126 uF 348 pyF 147 4yF 72 uF

where the 34.8 yFcomes from:

-1 -1
SO - P N A e
42 4uF 32 4F 28 uF 42 uF

c) The circuit diagram can be re-drawn as shown on the next page. The overall
charge is given by:

O=C V=(140uF)(36V)= Q0= 5.04 %107 C.
And this is also the charge over the 72 u4F capacitors.
5.04 %107 C
=¥, =T
71x10° F

| 1
1
S

2 3
| [.

| 4
Next we will find the voliage over the numbered capacitors, and their associated voltages.
Then those voltages will be changed back into voltage of the original capacitors, and then
their charges.

O, =0, =0n=504x10" C

=7.0V.
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» -4
SOAAOTC o s and 1, ~204XL0TC gy

= o N AN -
C " 147x10°F " 126%10° F
= Voo, = Voo, = (36.0—7.00 ~ 7.00 — 4.00 - 3.43) V=14.6 V.
i gy L
Buthq(C?C4)=[F+FJ =16.8 4F and ccq(c_,,cﬁ)=[€+C—J =18.2 /F, so:

2 4 3 &
QC‘ = QC‘ i VC e ch(C'!C‘) =245= 10_4 C,
Oc, = Cp, =Ve,0.Cogoye,y = 2.64 %107 C.

= Lo g3y, 5= % _6av, = o _sgv, Vo, = G _33v.
C? q C4 CS

SV =V, +V = =BV 0~ 1, — 23510 ¢
Vy=Ve 4V =¥, =10V 20, =C, 1, =28x10* C,

Vi =Vo, + Vo, =V =9V = O = Crlip = 2.6 X107 C.
VM=VC5+VCG =V, =12V =0, =CF, = 2.5x107" C.
Vk:VCS—VC!=P;=2.5V:>Q6=C6K5=1.5x10'5(3.

24.76: a) The force between the two paralle] plates is:
3 2 2 42 2 2
Fe qE—ﬂ q (CV) =.£0;4 ¥ =£0Aif.
2ep 2ed 254 - 2,4 2z

b) When ¥ =0, the separation is just z,.So:
gqd V %A P*
4k

c) For 4=0300m"*, 7, =1.2%107 m,k =25 N/m,and V" =120V,

27" —(2.4%107° m)z" +3.82% 10" m* = 0= z = 0.537 mm, 1.014 mm.

d) Stable equilibrium occurs if a slight displacement from equilibrium yields a
force back toward the equilibrium point. If one evaluates the forces at small
displacements from the equilibrium positions above, the 1.014 mm separation is seen to
be stable, but not the 0.537 mm separation.

=0

F,

4 gorings

=4kiz, —z)=

24.77: a) C, = iO((L —x) L+ xKL) = ﬁ(z, +(K — D).

b) AU——(&C)V?where G S (—.:ix-l—.:ich)

(K - DL
2D
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c) If the charge is kept constant on the plates, then:

Q= EOLV (L+(K-Dx), and U = lCVQ = lC‘QVQ o
2 2 5
(K -1 VL
2D
d) Since dU = —Fdx = mdx then the force is in the opposite direction to the
motion dx, meaning that the slab fzels a force pushing it out.

dx.

2z
e s N R SAU=U-U,=-
2 B

) Here we have, in effect, two

and C,, —C°=2:r£0 |,
2 =%

b) Using a hemispherical Gaussian surface for each respective half:

2 2
X _ % g Y% g Sy &

24.78: a) For a normal spherical capacitor: €, = 4;-3.50(
patallel capacitors, C, andC,, .

KC,
Bt _z:zx'go[

Fr —

% 8 Ke, Y 2mKert =g A Y Qmeg
But @, =¥C, and ¢, =¥VC,, 0, + 0, =0
VC,K Q KQ
So: =K, = 1+ K = =_—%= and e TR
0. 0,20,(+K)=0=0,=——md 0, = ==
K 1 2 1 2
E = Q == anndEvz Q 5= © 2
1+ K 22Ker” 14+ K dagyr 1+ K 22Kepr 14+ K dnKeyr
c) The free charge density on upper and lower hemispheres are:
s, )= QUQZ 2Q and (o, ), = Qﬂz = 2Q .
i 4, 4 (14 K) . v, drr, (1+ K)
_ 9 Ko o KQ
(gf,, ). = 7 2 d (o G 3, = 2 :
Ay, v, (14 K ) 4;'1':3 4}1’:}) 1+ K)

E-1l @ K Bt
K dm) K+1 K+1ldm?
-] 8 & F-40
K 4o’ K+1 K+14m®

e) There is zero bound charge on the flat surface of the dielectric-air interface, or else
that would imply a circumferential electric field, or that the electric field changed as we
went around the sphere.

d) o, :gﬁﬂa—ux):(

1¥,

Ty, =, (1-1/K)=

24.79: a)
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2
b) C=2[£J= 2:06 0 120m) 0 3p5107E,
d 45%10" m

24.80: a) The capacitors are in parallel so:
WL e

Egh _ WL —F) o Ke, Wh N £ WL - Kh & o
d d d d

L I o
X
=[1+———|
L L
b) For gasoline, with X =1.95:

1 ™
—full: X, k:£ =1.24;1 full: K, k:£ =1.48;
4 4 2 2

A

C:

Elhll:JF{',_,ﬂ,(.?a=EJ=].T"].

4 4

c) For methanol, with K =33:
lﬁlll: K [k=£]=9; L full: Keﬁ[kzéjzl?;
4 4, 2 2

iﬁJ_ll: K k=£ = 25.
4 4

d) This kind of fuel tank sensor will work best for methanol since it has the sreater
range of K, values.

25.0: O=1F=(3.6 A)3)(36005)=3.89%10" C.

25.2: a) Currentis givenby F=2=_2°_ —275%107 A.

TR =
b) f=wugv,4
R.75x 107" A
A = 7 13 e
ngd (5.8 x107)1.6x107" CYm{1.3x107" m)")
=1.78 %107 m/s.
25.3: a) v;= it

ngd  (B5x10°)Y1.6x107° C)m/4)(2.05% 107 m)*)
=1.08%10™ m/s
= travel time = £ = "2 _ £574 5=110 min
Ve 108= 107" mf=
b} If the diameter is now 4.12 mm, the time can be calculated using the formula above
or comparing the ratio of the areas, and yields a time of 26542 5 =442 min.
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c) The drift velocity depends aon the diameter of the wire as an inverse square
relationship.

25.4: The cross-sectional area of the wire is
A=m" =x(2.06 107 m)* =1.333%107° m".
The current density is
I 2.004
J="=— T — 600%10° A/m?
4 1333x107 m® 4

We havev, = J/ne; Therefore

5 2
iz _ 6.00x10 A/r_n 6945 10% electrons
ve (5.40x107° m/s)(1.60 = 107"° C/electron) m’

=

25.5: J =wn|gqv,,50.J/v, is constant.

Jlfvdl =J2/Va'2=
Vi = vy (LT = v (5, /1) = 1.20 2 107 m/s)(6.00/1.20) = 6.00 107 m/s

25.6: The atomic weight of copper is 63.55 g/mole,and its density is 8.96 g/cm"‘. The
number of copper atoms in 1.00 m* is thus
(8.96 g/cm” )(1.00x 10° em’/m*)(6.023 » 10* atoms/mole)
63.55 g/mole
=8.49%10” atoms/m’

Since there are the same number of free electrons/m® as there are atoms of copper/m’
(see Ex. 25.1), The number of free electrons per copper atom is one.

25.7: Consider 1 m® of silver.

density =10.5%10° kg,/m”, s0 m =10.5x 10" kg

M =107.868 x107 kg/mol, son=m/M = 9.734 x10"* mol and
N =nN, = 5.86%10% atoms/m’

If there is one free electron per m”, there are 5.86 x10% free electrons/nr’. This
agrees with the value given in Exercise 25.2.

25.8: a) O, =y + 7, de=(3.92x10" + 2.68x10°)(1.60x 1077 C)=0.0106 C

0.0106C
= f= D = =0.0106A =10.6 mA.
i 1.00 s
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b} Current flows, by conventian, in the direction of positive charge. Thus, current
flows with Na™ toward the negative electrode.

259; a) Q= jfdf j(ss 0.65¢")dt =554 +@f =329C.

b) The same charge would flow in 10 seconds if there was a constant cwrrent of:
I=0/t=(3290)/(835)=411A.

25.10: a) J=L=_2%% __§81%10° A/m’.

(23%107°my?
by E=pJ=(1.72x10" - m)(6.81x10° A/m®)=0.012 V/m.
c) Time to travel the wire’s length:
I Ingd  (4.0m)B.5x10% /m*)1.6 x10™° C)(2.3%x10™ m)’
v, I 3.6A
=1333 min 22 hrs!

- —8.0x10*s

g PL_@72x10" Q. m)(24 0 m)

25.11:
4 (2/4)(2.05% 10~ m)*

=0.1250

_ (1.00£)(/4)(0.462 x 10 m)’
p 1.72x107% Q-m

ssis: g b g —9.75m.

25.13: a) mngsten:
pI (5.25 x107% ©/m*)(0.820 A)

E=pJ= =35.16%107 V/m.
Al = (r/4)(3.26 x 107 m)* !
b) MummM'
—f
- PJ_,GI (2.75%10° Q/m’ )(9 B0A) _, -0, 107 V/m,
4 (m/4)(3.26 % 107> m)’
z L =d,' nd)
25-14: RA; =R& = pda’ - PC& = A — C :bd& - L PCu
Ay A, dp dpe, P
-8
5 7, =G iy, A S
2.75%107% Q- m

25.15: Find the volume of one of the wires:

RzésoA gL
R

~—and

volume — 47 = PL _ 17210 Ohm-m)(3.50m)’
R 0.1250hm
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m = (density)V = (8.9x 10" kg/m*)(1.686 x 10~ m’)=15¢

25.16:
Pl
3.50um
G0
gl AL g
2
; =@=1.625mﬂ1
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;
W
P

{ =2ar(per coil) » 75 coils
A= ;'rr,f
R4 R} Ry}
7 @m)75 150
{1.74 €)(1.625 % 107 m)*

150¢1.75 %107 m)
=1.75%10° Q- m

25.17: a) From Example 25.1, an 18-gange wire has 4 =8.17 x 107 cm?
I=J4=(1.0x10" Asem®)8.17x 107 em®) =820 A
b) A=1/J={1000A)/(1.0x10° A/em*)=1.0x10" cm®
A=m' sor=Jdln = J(l.o » 107 em® /7 = 0.0178 cm
d=2r=0.236mm

25.18: Assuming linear variation of the resistivity with temperamire:
p=pl+af -T1)]
=pp[1+ (4.5 10'3/°C)(320 —20)°C]
=2.35p,
Since p = E/J, the electric field required to maintain a given current density is
proportional to the resistivity. Thus £ = (2.35)(0.0560 V/m)=0.132 V/m
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-
2509: g=£L_pL_p 2710 Shm 55,000
4 &I 1.80m

25.20: The ratio of the current at 20°C to that at the higher temperature is
(0.860 A)/(0.220 A)=3.909.Since the current density for a given field is inversely
proportional to p(p = E/J), The rzsistivity must be a factor of 3.909 higher at the higher
temperature.

L 1+a@-T)

Fu
£ _
T=T 45 =20°C+L9_31=666°C
o 4.5 x 107 /f°C

_¥Y_pL_pb_ A _ (6.00 A)2.75x107° - m)(1.20 m)
25.21: I 4 wmt ¥ 2(1.50V)

=2.05%x107* m,

r —4 2.
sy it 12 GRROE0 AN T i
5 IE (17.6 A)2.50 m)
3 2
958585 Tage S o049 MmNE AP0 m) )y g0
” (2.44 10" Q- m)
-2 -
by ¥ = mo L (LIARAI0 Q6 m) gy,
4 (z/4)0.84 % 10 m)
R
¢) R=—= -028Q.
I 1L1A

25.24: Because the density does not change, volume stays the same, so L4 = (2L)(4/2)
and the area is halved. So the resistance becomes:

R= PRL) 4£: 4R,.
Af2 A
That is, four times the original resistance.

www.FreelLibros.me



s B BV BSIEN
L L L 075m

b) p=ﬁ=£= (:.938‘f =2.84%107" Q-m.
L JL (440107 A/m*)0.75 m)

=1.25 V/m.

www.FreelLibros.me



o R-B 1512014840 L oaee

ST, -T)R, (GA0C-200°C)1484 Q)

25.27:2)R, — R, = Ra(T, = T) = R, =100 Q2 — 100 Q(0.0004°C™)(11.5°C) =99.54
b) R, -R =Ra(, -T)= R, = 0.0160 Q + 0.0160 Q(-0.0005°C™"}(25.8°C) =
0.0158 £

R -R, R

25.28: T, - T, = P =T
aR ok,

21580 -217.3Q

" (C0.0005° C)217.262)

+4°C=178"C

25.29: a) If 120 sirands of wire are placed side by side, we are effectively increasing the
area of the current carrier by 120. So the resistance is smaller by that factor:
R=560x10" _Q/]ZO=4.6?><10‘3 Q
b) If 120 sirands of wire are placed end to end, we are effectively increasing the
length of the wire by 120, and so R = (5.60x107° Q)120=6.72 x107™ Q.

25.30: With the 4.0 £) load, where »= internal resistance
1226 V=_r+4.00Q)]

Change in terminal voltage:
AV, =d =126V -104V=22V
I 22V
¥
Substinute for 126 V=(r+4.0 Q)(z'z V]
>
Solve for r: r=0846 Q2

25.31: 2) R= A _172x107 Qm)(lﬂg % 10°m)
A 2(0.050m)
¥ = IR = (125A)(0.2190) = 274V
b) P=W=(274V)Y125A)=3422 W =322 /s
Energy = Pt = (3422 1/3)(3600 5) = 1.23% 107 ]

=0.219Q
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2532:2) ¥V, =& -V, =240V -212V=28V=r=28V/4.00A=07000.
by ¥,=212V=R=212V/400A=5300
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25.33: a) An ideal volitmeter has infinite resistance, so there would be NO current
through the 2.0 £2 resistor.

b}y ¥, =& =5.0V; since there is no current there is no voltage lost over the internal

resistance.
c) The voltmeter reading is therefore 5.0 V since with no current flowing, it measures
the terminal voltage of the battery.

25.34: a) A volmmeter placed over the battery terminals reads the emf: £€=24.0V.
b) There is no current flowing, so ¥, = 0.
c) The voltage reading over the switch is that over the battery: ¥, =24.0V.
d) Having closed the switch:
I=240V/588Q=408A=VF, =240V —(4.08 A)(028Q)=22.9V.
V,=IR={(4.08 A)5.60€)=229V.
¥ =0, since all the voltage has been “used up™ in the circuit. The resistance of the
swiitch is zeroso ¥V, = IR =0.

25.35: a) When there is no current flowing, the voltmeter reading is simply the emf of
the battery: £ =3.08 V.
b) The voltage over the internal resistance is:

¥ 23R V-29V=0vss="=21V g
I 165A
) ¥V, =297V =(1.65 A)R
5 29TV
1.65 A

25.36: a) The cwrrent is counterclockwise, because the 16 'V battery determines the
direction of current flow. Its magninide is given by:
I:&: 16.0V-8.0V
ZR 160+500+140+9.080
by ¥, =160V —(1.60)047 A)=152V.
)V, =(5.00)047 A)+ (1.4 Q) 047 A)+ 8.0V =110V,
d)

=047 A
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25.37: a) Now the current flows clockwise since both batteries point in that direction:
I—E— 160V +8.0V

SR 16Q+500Q+14049.00
b) ¥, =—16.0V + (1.6 Q)(1.41 A)=—13.7 V.
¢) ¥, =—(5.0 Q)(1.41A)— (1.4 Q141 A)+8.0V=-10V.
d)

=141 A.

il

h (

25.38:a) ¥, =1.9V=I=V, /R, =19V/9.0 Q=021A.

b) TE=FIR=8.0V=((1.6+9.0+1.4+R)0.21 A) = R=%=26.1Q

c)

16y

25.39: a) Nichrome wire:

A

Vollage
(V)
4.0
o g ; : 2 X !
.00 1.00 2.00 2.00 .00

Cuorrent (A)

b) The Nichrome wire does obey Ohm’s Law since it is a straight line.
c) The resistance is the voltage divided by current which is 3.88 £2.
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25.40: a) Thyrite resistor:

4.41)
4.00

Yollage |
[ 3.60

240 ol
0.00 110 20K 3.00 ERLI
Currenl (A0

b) The Thyrite is non-Chmic since the plot is curved.
c) Calculating the resistance at each point by voltage divided by current:

500
T — Sl e R
1Ohms) 300 : :
1.4i0) PE \—\—r =
(LEH) L.IH 200 300 .00}

Current ( A}

25.41: a) r=E/1=150V/14.8A=0.101
b) r=&/I=150V/68A=0220
¢) r=8&/I=12.6V/1000 A =0.0126 .

2542: a) P=V'/R= R=V*/P=(15V) /32T W =0.68302

b) V=IR::>I=K= 15V =218 A.
R 0.688 ()

25.43: P=VT = (650 V)(0.80 A)= 520 W.

25.44: W = Pr=1I7t =(0.13 A)9 V)(1.5)3600 5) = 6318 I.
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P IR JM'R JA(AL)A
2545: 4] P=t RS p=— =12 _ LM

vol AL AL L
=l

b) From (a) p=J p.
¢) Since J = Ef p, (a)becomes p= E*/p.

=J2p:>p=JEsince
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25.46: a) T=3&/R _, =80V/1TQ=04TA = B =I"R=(047 A)’ (5.000)=
1L1Wand By =I*R=(047 AY' (9.0 ) =20W.

b) B, =& —I'r=(16 V)(047 A) — (047 A)* (1.6 Q)=T2 W.

c) B, =&+ " =(B.0 V)47 A)+ (0.47 A)* (1.4Q) = 4.1 W.

d) (b)=(a)+ ()

25.47: a) W =Pr=1IVi= (60 A)(12 V)(36005)=2.59%10° J.
b) To release this much energy we need a volume of gasoline given by:
m =M =56.0p = vol= E=M= 6.22 2107 m” = 0.062 liters.
46,0001 /e £ 900ke/m’
c) To recharge the baitery:
t=(Wk)/P= (720 Wh)/(450 W)=1.6 h.

2548: a) I=E/(R+7)=12V/IIQ=12A= P=E8I=(12V){1.2 A)=144 W.
This is less than the previous value of 24 W.

b) The work dissipated in the battery is just: P=71"r = (1.2 ) (2.0£)= 2.9 W.
This is less than 8 W, the amount found in Example {25.9).

c) The net power output of the battery is 14.4 W —2.9W =11.5'W. This is less than
16 W, the amount found in Example (25.9).

2549:2) I=V/R=12V/6Q=20A=P=EI=(12V)(20A)=4 W.
b} The power dissipated in the battery is P=1"r = (2.0 A)* (1.0 Q)= 4.0 W.
¢) The power delivered is then 24 W —4 W =20 W.

25.50: a) [ = ZS!R =30V/17Q=018 A= P=I"R=0.529W.
b) W=Pi=1F=(0.18 A)3.0V)(5.0)(3600s5)=95301.
c) Now if the power to the bulb is 0.27 W,

2
P=I?R:>0.27W=[%J (17 = (17TQ+ R =567 = R=680
Ld4+

25.51:a) P=V*}R=R=VYHP=(120V)} /540 W =267 Q0
b) I=V/R=120V/26.7Q=4.5A.
c) Ifthe voltage is just 110 V, then F =413 A = P=VI =454 W.

www.FreelLibros.me



d) Greater. The resistance will be less 5o the current drawn will increase, increasing
the power.
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25.52: From Eq. (25.24), p=—.

He T

m 9.11x10™ kg
ne'p  (1.0x10° m™) (1.60 2 1077 C)* (2300 €2- m)

b} The number of free electrons in copper (8.5 10°° m™) is much larger than in

=1.55»10" s,

= T=
pure silicon (1.0 10" m™).

! =} 2
25.53: 2) _ R4 (0.104.) (x/4) (2.50 x 10°m)
L 14.0m

E4 (.28 V/m)(x/4) (2.50% 107 m)"

B 3.65%10° Q- m

J_E 1.28 V/im

ng  png  (3.65x10°Q-m)(8.5x10% m ) (1.6x107° C)
=2.58x107 m/s.

A //7-f i
~, ; jg,f/ﬂ “ >

'

ﬁﬂﬂﬁé/

=3.65%10"° Q- m.

=172 A

b) I=Jd=

c) v,=

25.54: r=2.00cm
T =0.100 mm

=S
T

SR

V¥V VA _V(uT)

R o4 Pl
_(12V)(2m)(2.00% 107" m) (0.100x10™ m)
- (147107 Q- m) (25.0 m)

=410 A

25.55: With the voltmeter connected across the terminals of the battery there is no
current through the battery and the voltmeter reading is the battery emf; = =12.6 V.

With a wire of resistance R connected to the battery current [ flows and
& —h—-IR=10
Call the resistance of the 20.0-m piece R|; then the resistance of the 40.0-m piece
is R, =2R,.
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e—Ir—IR=0; 12.6V—(7.00 Ay —(7.00 A)R =0

e—Lr—-L2R)=0; 12.6 V- (420 Ay — (4.20 A)(2R)=0
Solving these two equations in two unknowns gives R =1.20€) This is the
resistance of 20.0 m, so the resistance of one meter is [1.20€2/{20.0m)]{1.00m) = 0.060£2

25.56: a) IZK:L
R R, +Rdg
and
L : Ly ;
. _Pata _ (1.72x10" Q 111_)4(0?&1):0.049&
A, (/'4) (6.0 107" m)
and
L =0,
i o Paglae _ (147 %107 Q m_)4(1.2?m) _0.0620
AAg (/) (60107 m)
- 5.0V _ A5 A
0.049 2+ 0.062 2

So the current in the copper wire i5 45 A.

b) The current in the silver wire is 45 A, the same as that in the copper wire or else
charge would build up at their interface.

& B s SREMRLY,

2.76 V/m.
Ly 0.8 m
IR 45 A)(0.0620Q
d) EAg=JpAg=Lf‘g=( ;(2111 ) _933 V/m.
AE o

e) V,, =IR, =(45A)(0.0620)=279V.

25.57: a) The current must be the same in both sections of the wire, so the current in the
thin end is 2.5 mA.

£y . -3
b) Elmzpjzp_fz(l.?leO Q m)(z_fxlzo A)=2.]4x]0"5\ffm.
- A4 (r/4)(1.6x 107 A)
F (172 x107°° Q- m) (2.5%107° A
c) Eo_mm:M:i:( )(—3 7 )
A (z/4)(0.80x 107 A)
=8.55%107° Vim (= 4E,,__).
d) V=8 .k +E

1.6 mm 0.8 mmL

C.%mm

=¥ = (2.14 %107 V/m) (1.20 m)+ (8.55% 107* V/m) (1.80 m) =1.80% 10~ V
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25.58: a) £ =n[lmva.2j
vohime 2

K 1

1 = E(8.5 #«10% m ) (9.11x 107" kg) (1.5 2107 m/s)*
Volume

=8.7x107"" J/m’,
b) U =gV =ne(volume)l = (8.5x10%m™) (1.6 x 107°C) (107 m’) (1.0 V) =13600 1.
And the kinetic energy in 1.0 cr® is K = (8.7 x 107° Jim*) (10°m) =
U 136001

B7%107° LSo—=—"——=16%10".
K 8.7x10%]

25.59: a)

g =

(i -m)u

; r \nn

B e B P

o A
pdr p & dr p 11 pf1 1
25.60:2) dR=LZ o R=L[S - Lo -2 ___J
Ay 4z r dx v, 4zxia b
o Te Yalmb_ 1 Vabmb _ Viab
R plb—a) 4 plh— aMmo plb—a)r

c) If the thickness of the shells is small, we have the resistance given by:

R=i[l—lJZM%£=£,Whef3L:b—ﬂ-
drta b Amzd 4rrz”
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—::-AJ =%

25.61: E=pJand £ =-Z

= leakage current.

25.62: a) I = = J =4 =47 =z = 7z S0 to make the current density a maximurm,

we need the length between faces o be as s.mall as possible, which means L = 4. Sothe
potential difference should be applied to those faces which are a distance J apart. This
maximum current density is J ., = %.

b) For a maximum current / =% = £ = J4 must be a maximum. The maximum area

15 presented by the faces that are a distance d apart, and these two faces also have the
oreatest current density, 50 again, the potential should be placed over the faces a distance
d apart. This maxinmm current is

Vb

=0.057 L2

=T
25.63: 2) R=PL_(0:5x107 Q- m) (0.1?2111)
A (x/4) (0.0016 m)
b) 2(T)= g, (1+ aAT) = p(60° C)=(9.5% 107 €~ m) (1 + (0.00083(C°)") (40°C)
= p(60°C)=9.83x107 Q- m=Ap=334x10"°Q-m.

c) AV = BVAT = AAL = A(BLAT) = AL = SLAT = (18 %107 (C°) )%
(0.12 m) (40°C) = AL = 8.64 107 m = 0.86 mm. The volume of the fluid remains

constant. As the fluid expands the container, outward expansion “becomes™ upward
expansion due to surface effects.

d) poPL_ p_ Bl pAL

A A
_(334x107° Q. m) (0.12m) | (95%107° Q- m) (0.86x10™ m)
(m/4) (0.0016 m)* (7/4) (0.0016 m)°
=240%x107 QL

) From Equation (25.12), a = & (£ — 1)= gig (0028228 10°0 _ 4}

1.1107 (C°)™'. This value is greater than the temperanire coefficient of resistivity and
therefore is an important change caused by the length increase.

2.6 8.0V-40V
SR 400

=¥V, =800V - ({0167 A)(8.50)=658 V.
b) The terminal voltage is
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F,.=+4.00V+ (0167 A)(0.50Q)=+4.08V.
c) Adding another battery at point d in the opposite sense to the 8.0 V battery:

s 2.6 _103V-8.0V+4.0V
>R 24.5Q
=V, =4.00V—(0.257 A)(0.50 Q) =387 V.

=0.257 A, and 50

25.65:2) ¥, =€ —Ir 584V =E—(1.50A) rand 9.4 V=€ + (3.50 A) r
— 94V = (8.4 V +(1.50 AJ) + (3.50 A)r
94V -84V
" s00A
b) € =84 V+(1.50A) (0.20Q)=8.7 V.

=020

25.66:a) J=V/R=14kV/(10kQ+2 kQ)=1.17 A.
b) P=I"R=(1.17A)" (10,000 Q)=13.7 kW.

c) If we want the current to be 1.0 mA, then the internal resistance must be:

14,000V

" 0001 A

=14%107Q2 = R =14 M —10 k£ = 14 M2

=10002£2

2567 ayme= 2l (00w @10m)
4 7(0.050 m)*

b) ¥ =IR=(100x10A) (1000 £2)=100 V.
c) P=VF=(00V)(100x107°A)=10 W.

25.68: a) ¥ =2.507 +0.2360/? =4.0 V. Solving the quadratic equation yields
=134 A or—8.29 A, sothe appropriate current through the semiconductor is
=134 A

b) If the current [ = 2.68 A,

=¥ =(2.50 V/IA)(2.68 A)+ (0.36 V/IA?) (2.68 A) =9.3 V.

25.69: V=IR+V()=IR+al+ A" =(a+ R)I+ I’

www.FreelLibros.me



= fE 4+ (R+a) -V =0
=S3)I+(38+3.2)1-126=0>7=142 A

SEH: o pest o PRON gae w e B TSEV s
I 925A R+r 085Q+240Q
b) A4 (a+r)]—E=0=036I"+(2.50 +085)] —786=0
=7=194A

c) The terminal voltage at this current is
Vo=E-[=T86V-(1.94A)(0850)=621V.

25.71: a) With an ammeter in the circuit:
&

TpR R,
So with no ammeter:

s E 2y r+ R+ R, 1|14 R, i
r+ R r+ R 4+ R

b) We want:

=E&=1L,(r+ R+ R,)

£= 1+ R, =1.01= R, = 0.01= R, (0.01) (0.45 2+ 3.80)
I; r+ R r+ R

=0.425¢2

c) This is a maximum value, since any larger resistance makes the current even less
that it would be without it. That is, since the ammeter is in series, ANY resistance it has
increases the circuit resistance and makes the reading less accurate.

25.72: a) With a voltmeter in the circuit:

= ® ap e mpepli. T |
r+ R, r+R,
b) We want:
Yo _[1o—" |u099=>—" w001
& r+ R, r+ R,
r—0.01r

= R, HW:99V:99'MSQ:44.6Q

c) This is the minimum resistance necessary—any greater resistance leads to less
current flow and hence less potential loss over the battery’s internal resistance.
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25.73: a) The line voltage, current to be drawn, and wire diameter are what must be

considerad in household wiring.
by P=VW=i= i = dolliN =35 A, sothe 8-gange wire is necessary, since it can
Vo120V

carry up to 40 A.

I'pL  (35AY (1.72%107° ©2-m)(42.0m)

& (7f4) (0.00326 m)’

d) If 6-pauge wire is used,

_I'pL  (35AY (1.72x107° Q-m) (42 m)

A (z/4) 1(0.00412 m)’

= AE=APi=(40 W) (3635) (12 h) =175 kWh

= Savings = (175 kWh) ($0.11/kWh) = $19.25.

=106 W.

c) P=I'R=

F =66 W

25.74: Initially: R, =¥/I, = 120 V)/(1.35 A)=88.9Q
Finally: R, = V/I, = (120 V)/(1.23 A)=97.6 Q2

R, T 45x107°CT | 88.9Q
S B ITPE S T =T 20 = RRT°0
b) (i) P, =V, =(120 V) (1.35 A)=162 W
(i) P, =¥1, =(120 V) (1.23 A)= 148 W

R R )
T B B ST S VR S 1 97.68
&, £ FT g

_Z& 120V-ROV
IR 100Q
by B, =I"R , =(040A) (10Q)=1.6 W.
c) Power generated in £, P=& I =(12.0V) (040 A)=4.8 W.
d) Rate of electrical energy transferred to chemical energy in
E P=EI=B80V)Ix(040A)=32W.
g) Note (c)= (b) + (d), and so the rate of creation of electrical energy equals its rate
of dissipation.

25751 a) 1 =040 A

_PEL_ (20x107Q-m) (2.0 m)
A (7/4)(0.018 m)"
_pL (172107 Q-m) (35 m) _

A (/4) (0.008 m)°*
=V =IR=I(R_, +R,)=(15000A)(1.57 x107° Q+ 0.012) = 204 V.

=1.57%107 Q2

25.76: a) R

0.01282

Ch

hee!
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b) E= Pt =I"Rr=(15000 A)*(0.0136 £2) (65x107° 5)=199 1.

25.77:a) TF = m—|g|E3|‘f| %
gl _ al
b) If the eleciric field is constant, ¥,, = EL = —— 5
m be

c) The free charges are “lefi behind™ so the left end of the rod is negatively charged,
while the right end is positively charged. Thus the right end is at the higher potential

V..lg| (1.0x 102 V(1.6 x107° ©)
mi (9.11x107" kg) (0.50 m)
¢) Performing the experiment in a rotational way enables one to keep the
experimental apparatus in a localized area—whereas an acceleration like that obtained in

(d), if linear, would quickly have the apparatus moving at high speeds and large
distances.

d) a= =3.5%10° m/s?.

25.78: a) We need to heat the water in 6 minutes, so the heat and power required are:
QO =mc AT = (0.250 kg) (4190 Jkg®C) (80°C)= 83500 ]

P22 _ynw
t  6(60s)
v v:_oaovy

ButP=?:>R= =61.801

P 233W

=5 3
b) R = pPL pL s R-vol _ [(61.8€2) (2.5_:]0 m )=39m
A vol 2 1.00 %107 £2- m

Now the radius of the wire can be calculated from the volume:
&
ol Lt e [T (IO g S
L (39 m)

25.79:a) ¥V, =& -[r=120V -(-10.0 A)(0.24 Q)=144 V.

b) E=Pt=1Vt=(10 A) (144 V) (5) (3600 5) = 2.59x 10° J.

c) £, = Pdmt—f = (10 A) (0.24 Q) (5) (3600 5) = 4.32 x10° ],

d) Discharged at 10 A:

& E-Ir ]20V 10 A) (0.24 Q2
Tl J (IOA)( :

e) E—Pt—IVi—(10A)(9.6V)(5) (36008)—1.73%10° 1.

f) Since the current through the internal resistance is the same as before. there is the
same energy dissipated as in (c): £, =4.32x10° 1.

i35

= 0.96 L2
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2) The energy originally supplied went into the battery and some was also lost over
the internal resistance. So the stored energy was less than was needed to charge it. Then

when discharging, even more energy is lost over the internal resistance, and what is left is
dissipated over the external resistor.

2580:a) V, =8 -Lr=120V - (-30A)(0240)=19.2 V.
by E=Pr=IVi=(30A)(19.2V) (1.7) (36005) = 3.53x 10° 1.
c) E, =P, t=I"Rt=(30A) (024 ) (1.7) (36005)=1.32x10° 1.
d) Discharged at 30 A:
E-Ir 120V -(30A)(0240
e (SOA)( :
e) E=Pr=TI"Ri=(30A)" (0.16 Q) (1.7) (3600) = 8.81x10° J.
f) Since the current through the internal resistance is the same as before, there is the
same energy dissipated as in (c): £, =132 x 10° 1.

o) Awain, the energy originally supplied went into the battery and some was also lost
over the internal resistance. So the stored energy was less than was needed to charge it.
Then when discharging, even more energy is lost over the internal resistance, and what is
left is dissipated over the external resistor. This time, at a higher current, much more
energy is lost over the internal resistance.

I:

=016 1

25.81: a) a:l[ﬁ}—irpﬂ:@:m(T‘”):ln(p):p: L
phdT T T P T

b) n=—al =—(-5x107" (KY") (293 K)=0.15,

p= ; == =(3.5%107° Q-m) (293K)** =8.0x107° Q-m- K,
-5
c) T=-196C=77K:p =%=4.3x10'S Q-m
( '
-5
T=—300°C=5?31(:,9:%:3.2“0‘5 Q-m.

25.82: a) E=IR+IR, = 2.00V=7(1.0Q)+ ¥V = 2 =[ [exp(eV[kT) - 1]+ V.
by I, =1.50%107° A, T =293K = 1333 = exp [39.6 V' — 667]+ 667 V.

Trial and error shows that the right-hand side (rhs) above, for specific V values, equals
1333 V, when ¥ = 0.179 V. The current then is just

I—1 cxp[39.6¥ —1]=(1.5x10> A)cxp[29.6 (0.179)—1]—1.80 A.

www.FreelLibros.me



L
35.83:2) R=PL o gp-FPE_Fo eXp[_x‘/L]dx:}R=&Ie}ip[—xﬂl]dx
4 4 4 44
SR=B [ replarp-Aa_ctysr-to__Ted
4 4 R all-eh)

—#/L ~iL —x/L
b) E(x):_g:_@:_ﬁ Iple™ | _Ipge™ Te o
&k 2 el 4 4 Ill-eV)

—=/L . =7
BT et B e HE
A—&" (1-e) Ll—¢™)

(e—x.'lf. - E_l)
1-¢")
d) Graphs of resistivity, electric field and potential from x = 0 to L.

=V(x)=V,

i
1T e 10l
18y L
Resistivity MO0 Ileetiv feld
e ity WU
By b &
1240 =l
k(4 i i i HREY] : : H H
[an g} n2an 40y LA AR 1.0 LK) (el kMl [ERH 0.4 1401
UL FR RN
1.40m
(R}
[areral A0
[
11,411
0,20
(ERAH) = 4 = B P
1) (120 [HEg] Ll I x 11 |y
w1
2 dP :
25.84: 2) I = = P=E8I-I'y = —=£ -2 =0 for maximum power output.
F+ R df
1&€ 1
=1 B e . ? S—
2 r
! & 1&
b) For the maximum power output of (a), = =——=+R=2r=>R=r
r+R 2r
2 2
£ £
Then, P=I*R=|—=| r="-.
2 45
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~
1
26.1: S| S38EE
) R= (32 20]
Vo240V
b) I=—="""=195A.
R, I
Vo240V Vo240V
eyl S o oS S b ey ) )
M= R 2O ROR w00

o 2, 1Y TRam _ RR,
s R“‘[Rfﬂj _[RRQJ Sl R+&'

R,
= =R < R, and < R,
s ‘R1+R R, =R 2

R+R

26.3: For resistors in series, the currents are the same and the voltages add.  a) true.

b) false. ¢) P=I*R. isame, Rdifferent so P different; false. d) tme. 2) V=IR. 7
same, R different; false. ) Potential drops as move through each resistor in the
direction of the current; false. g) Potential drops as move through each resistor in the
direction of the current, so ¥, »V_; false. h) true.

26.4: a) False, current divides at junction z.
b) Trme by charge conservation.

c) Tre. V1=V2,sofocé

d) False. P=IV.F =V, ,butl #1 soFf#F.

¢) False, P=7V =X Since R,>R,,F, < F.

f) True. Potential is independent of path.

g) True. Charges lose potential energy (as heat) in K.

h) False. See answer to (g).
1) False. They are at the same potential.

-l
26.5: a) R_= 1 + 1 + : =080
-2 24 168 4880

b),, =¢/R,, = (28 V)/(24 Q)=11.67 A: I, —¢/R , = (B V)/(1.6 Q) =17.5 A;
To=e/Ry = (28 V)/(4.8€Q) =583 A,
) I, =¢/R,, =28 V)/(080)=35A

fatad Totar
d) When in parallel, all resistors have the same potential difference over them, so here
all have V=28 V.
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e) P, =I"R,, =(11.67 A (24 =32TW; R, =I'R,=(175AY1.6Q)=
490W; P, =1'R,, = (583 A)° 4.8 Q) =163 W.

f) For resistors in parallel, the most power is dissipated through the resistor with the
2

. : v ;
least resistance since P=7*R=——_ with ¥ = constant.

26.6: a) R =2 R =24Q+160+480=88L

b) The current in each resistor is the same and is 7 = Ri = % =318 A,

==}
¢) The current through the battery equals the current of (b), 3.18 A,
dy ¥,,=IR,,=G18A)240) =764 V;V =IR =318 A)1.6 Q)=

509V F,, =IK, ., = (318 A)4.8()=153V.

e) B,=I'R,,=(.18A)"240)=243W; P =I'R,=(3.18 A)’ (1.6 ) =
162 W; P, =I"R,, =(3.18 A)*(4.802) =48.5 W.

f) For resistors in series, the most power is dissipated by the resistor with the ereatest
resistance since P =I°R with  constant.

2
26.7: a) P= % =¥ = PR = /(5.0 W)(15,000 0) = 274 V.

1 2
B BV g

b) P=
R 90000

-1 -1
26.8: R_= ! + 1 + ! + . =5.00£2.
E 3.008 60080 12.0Q 4.00£

Lo =/ R = (6.00 VI/(5.00Q)=12.0 A

4 12
I, =—(12.0)=3.00A; [, =—=(12.0) = 9.00 A:
12 12+4( ) 4 12+4( )

6 3
[i=— (12.0)=800A:7, = (12.0)=4.00 A .
? 3+6( ) 2 3+6( )

-1
20.9: R = 1 + . =3.00£2.
20062 1.0082 50002 7.000

=&/R

total

i

fatal

=(48.0 V)/(3.00Q)=16.0 A.
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IS=I?=—(160) A00A L =T, =—— 12 460)=120A.
4+12 4+12

26.10: a) The three resistors R,, R, and R, are in parallel, so:

7} =l
R = L+i 21 . + . + L =0990
R R R, 82002 15060 4500
>R =R +R, =3500+099Q=449%).
g 60V

e A PTYS
4.

=134 A=V, =LR =(1.34 A) (3.50 Q) =4.69 V.

Fy 1.33 %
=¥ =I =(1.34 A)(099N=133V =], =—2 = =0.162 A,
e = LRy =11 3 ( ) t TR 8200

v, v,
[=—2= IR 0.887 Aand J, = —2 = Do
R, 1500 R, 4300

=0.296 A.

26.11: Using the same circuit as in Problem 27.10, with all resistances the same:

-1 -1
Re=R+ B =R[ i be k] —asoas( 2] —ema
& 9.00V 1
a) I =—-= =1L50A L =1,=1=—1=0500A.
) L R 6.00 0 A., 2 a 4 2 L

=]

b) B =I"R =(1.50 A)"(4.50Q)=10.13W,P, =P, = P, =%ﬁ 1125 W.

c) Ifthereis a break at R,, then the equivalent resistance increases:

-1 -1
1 1 2
R ,=R+R,=R +[—+—J :4'509““{4_509] = 67502,

&) RS
And s0:
TALER LM
R, 675Q 2

d) B=I"R =(1.33A)°@.50Q)=796 W, P, =P, = iﬁ =199 W.
e) So R, and R, are brighter than before, while R is fainier. The amount of current

flow is all that determines the power output of these bulbs since their resistances are
equal.

26.12: From Ohm’s law, the voltage drop across the 6.00 £2 resistor is V= IR=

(4.00 A)(6.00 £2)=24.0 V. The voltage drop across the 8.00 £2 resistor is the same,

since these bwo resistors are wired in parallel. The current through the 5.00 £ resistor is
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then J =¥/R=24.0V/8.00 Q2 =3.00 A. The current through the 25.0 € resistor is the
sum of these two cuwrrents: 7.00 A. The voltage drop across the 25.0 £ resistor is F'=IR
=(7.00 A} 25.0 Q2)=175V, and total voltage drop across the top branch of the circuit is
175+ 24.0= 199V, which is also the voltage drop across the 20.0 €2 resistor. The
current through the 20.0 € resistor is then 7 =F/R=199 V/2002=9.95 A,

26.13: Current through 2.00-£2 resistor is 6.00 A. Current through 1.00-£2 resistor also
is

6.00 A and the voltage is 6.00 V. Voltage across the 6.00-£2 resistoris 12.0V +6.0V=
18.0 V. Current through the 6.00-02 resistor is (18.0V)/(6.00€2) = 3.00 A. The battery
voltage is 18.0 V.

26.14: a) The filaments must be connected such that the current can flow through each
separately, and also through both in parallel, vielding three possible current flows. The
parallel simation always has less resistance than any of the individual members, so it will
give the highest power output of 180 W, while the other two must give power outputs of
60 W and

120 W.

2 2 2 2
60‘\7'J=V—::>Rl =w=2409, and 12(]1§.7xz’=V—::>R2 =w=120§l
R 60 W R, 120 W

2 2 2
Check for parallel: P = F = Gy ) = Uiies =150 W.

G+ (watmn)  80Q
b) If R, burns out, the 120 W seiting stays the same, the 60 W setiing does not work
and the 180 W setting zoes to 120 W: brightnesses of zero, medium and medium.
c) If R, burns out, the 60 W setting stays the same, the 120 W setting does not work,
and the 180 W seiting i3 now 60 W: brighinesses of low, zero and low.

Yoamsy bl 2P0 o adana
R (400 Q2+ 800Q)

b) Py, ={"R=(0.100 AY(400Q)=4.0W; P, =I"R=(0.100 A)* (800 Q) =
BOW=P,  =4W+SW=12W.
c) When in parallel, the equivalent resistance becomes:

-1
1 1 120V
R =|——t——| =267TQ=I,=—=—"—=0449A
40002 80002 R, 2670
800 400 .
[o=— " (0449 A)=030A;7, =——— (0.449 A)=0.150 A.
400 400+800( ) 00 400+800( )

d) Py, =I’R=(0.30 AY(400 Q)=36 W; Py, = I’R=(0.15A)*(300 Q) =18 W
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=F,, =36 W+1I8W=54W.
e) The 800 €2 resistor is brighter when the resistors are in series, and the 400 €2 is

brishter when in parallel. The greatest total light output is when they are in parallel.

FEooao0v)y® PP (120 V)
26.16: a =L Y MO Ry —— = L T2 00
) Ko P 60W EOp 200W
240 V
= lgw =Lgw = : =0.769 A.

R (4004726
b)
P =I*R=(0.769 Ay (240 Q) =142 W; B, = I*R=(0.769 A)* (72 Q)= 42.6 W.
c) The 60 W bulb burns out quickly because the power it delivers (142 W) is 2.4 times
its rated value.

LR LR AL
SLE
TixLk POLAY - -I‘I ff. i
—»\r \V.-\ 'ﬁ‘f"-."\"'ﬁ\"h = = Nk \ —— = -\
A 1414162
5.0 aLE ;

W00V-72000Q+500+500)=0; 7=100A

For the 20.0- €2 resistor thzrmal energy is penerated at the rate
P=I'"R=200W.

= Pr and O = mcAT gives

,_meAT _ (0.100 kg) (4190 Jfkg - K) (40.0 C°) e S
P 20.0 W
26.18: a) P =I'R

20 W=(2A)"R, — R =5.00Q
R and10£2 in parallel:
(10 ), =(50) (2 A)
I,=1A
So [, =050 A R and R, are in parallel, so
(050 AXR, = (2 A) (58
R,=20080
by e=H=02A)5)=100V
c) From{a): I, =0500A7,=1.00A
d) F =20.0W (given)
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B =il R, =(0.50 A)*(2062)=5.00 W
B, =il R, =(1.0A)10Q)=10.0 W

B =20W 45 WH+10W=350W

Resizt
By =16=(3.50A) 10.0V) =35.0W
Fint = Frape, Which agrees with the conservation of enzrgy.

26.19:a) [, =6.00A-400A=200A
b) Using a Kirchhoff loop around the outside of the circuit:

20V —-(6.00A)B.00)—(200A)R=0=R=5.000.

c) Using a counterclockwise loop in the bottom half of the circuit:
£—(6.00 A)(B3.00 N — (400 A) (600 ) =0=:=42.0V.

d) If the circuit is broken at point x, then the current in the 28 V battery is:

_Ze_ 2OV saa
SR 3.000+5000

26.20: From the given currents in the diagram, the current through the middle branch
of the circuit must be 1.00 A (the difference between 2.00 A and 1.00 A). We now use
Kirchoff’s Rules, passing counterclockwise around the top loop:

20,0V = (1.00 A) (6.00 Q+1.00 Q)+ (1.O0 AN4.00 Q+1.00Q)—5, = 0= ¢, =18.0 V.
Now traveling around the external loop of the circuit:

20,0 V—{1.00 A)6.0002+1.000Q)-(2.00 A)1.00Q+2.00Q)-s =0=s,=7.0V.

And
v, = —{1.00 A){4.00 Q+1.00 Q)+18.0 V=+13.0 V,50 ¥, =—13.0 V.

26.21: a) The sum of the currents that enter the junction below the 3 - €2 resistor equals

3.00A+5.00 A=800A.

b) Using the lower left loop:
& —(4.00 €2)(3.00 A)—(3.00 Q){8.00 A)=0

=& =360V,

Using the lower right loop:
&, —(6.00 Q)(5.00 A)—(3.00 Q2){3.00 A)=0

=&, =54.0V.
c) Using the top loop:
18.0V

540V -R(2.00A)-360V=0= R= =9.00 Q.
2.00 A

26.22: From the circuit in Fig. 2642, we use Kirchhoff’s Rules to find the currents, [,
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to the left through the 10 V battery, 7, to the right through 5 V baitery, and f, to the right
through the 10 Q2 resistor:
Upper loop:

10.0 V—(2.00 2+3.00Q), —(1.00€2+4.00Q), - 5.00 V=0

= 5.0V —(5.00Q), —(5.00Q),=0= [+, =1.00 A.
Lower loop: 5.00 V +{1.00 Q.+ 4.00 Q), — (10.0 Q), =0

= 5.00 V+({5.00 Q)f, — 1009){3 —0=1,-2[,=-1.00A
Along with I, = I, + I,, we can solve for the three currents and find:

I, =0800A,7, =0.200 A, [, = 0,600 A,
b) ¥, =—(0.200 A){4.00 Q2)—{0.800 A)(3.00 Q)= -3.20 V.

26.23: After reversing the polarity of the 10-V battery in the circuit of Fig. 26.42, the
only change in the equations from Problem 26.22 is the upper loop where th: 10V
battery is:
Upper loop: —10.0 V — (2.00 Q2 +3.00 Q ), —(1.00 Q+4.00 Q), —5.00V =0
~15.0V—(5.00Q), —(5.00Q), =0= [, + I, =—3.00 A.
Lower loop: 5.00 V +{1.00 -+ 4.00 Q), — (10.0 Q)f, = 0
= 5.00 V+(5.00Q), —(10.0Q), =0= [, -2, =—1.00A.
Along with 7, = I, + I, we can solve for the three currents and find:
I, =-160A,1,=-140A, 1, =-0200A.
b) ¥, =+{(1.40 A){4.00 Q)+ (1.60 A)(3.00 ©2)=10.4 V.

26.24: After switching the 5-V battery for a 20-V battery in the circuit of Fig. 26.42,
there is a change in the equations from Problem 26.22 in both the upper and lower loops:

Upper loop: 10.0 V —(2.00 Q2+ 3.00 Q), — (1.00 Q2+ 4.00 Q), — 20.00 V =0
=100V —(5.000), —(5.000Q), =0=F, +I,=-2.00A.
Lower loop: 20.00 V +(1.00 2+ 4.00 Q), —(10.0Q), = 0
= 20,00V +(5.00Q), — (100 QY, =0= I, - 21, =—4.00 A.
Along with 7, = I, + I, we can solve for the three currents and find:
I =—04AF,=-16AF =412A
b) L4Q)-L(3Q)=1.6A)4Q)+(04AN3Q)=76V

26.25: The total power dissipated in the four resistors of Fig. 26.10a is given by the sum
ol

B=I'"R,=(05A)(2Q)=05W,B="R =(0.5AF(3Q)=0.75W,
P=I"R, =(05AV(4Q)=1W,P=I"R =(0.5AF(TQ)=18W.
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SR =E+E+E+E=4W.

26.26: a) If the 12-V battery is removed and then replaced with the opposite polarity,
the current will flow in the clockwise direction, with magnitude;
_2e 12V 44V i

IR 16Q
b) V,=—(R, +R ¥ +e,=—402+7Q){1A)+4V=-TV.

26.27: a) Since all the external resistors are equal, the current must be symmetrical
through them. That is, there can be no current through the resistor K for that would imply
an imbalance
in currents through the other resistors.

With no current going through R, the circuit is like that shown below at right.

1 =154

| s‘;//v/ ‘y\\\l 0 L/({ Y
IoRA ® \'\; 83A |
QT £l /\{/f FAA : >,\.\ p
| ﬁ\_ 5\/' 0 I Qx‘\\g /"\//u/ﬁ
o N

-

So the equivalent resistancs of the circuit is

-1

T (B W P . L
"0 26 10

LY’
2

fotal

= Ics;:.hlcg, =

b) As worked out above, R =1€.

c) ¥, =0, since no current flows.

=6.5 A, and no current passes through R.

d) R does not show up since no current flows through it.

26.28: Given that the full-scale deflection current is 500 A and the coil resistance is
25.0Q:
a) For a 20-mA ammeter, the two resistances are in parallel:
V.=V, = IR =R = [00x10" A)(25.0 Q)= (20x10* A-500x10" AR,
= R =06418
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5
R =25
b 500 pA
- | |
TR 20mA

b) For a 500-m voltmeter, the rssistances are in series:

Vy=IR+R)=R = Liﬂj -R

2

o 300107V

E——————25.00=9750
500107 A
|
|
R =250
R, & SO0 g

- ¥, =500mV 3

26.20: The full-scale deflection current is 0.0224 A, and we wish a full-scale reading for
200 A,

(0.0224 A)9.36 2+ R)=(20.0 A—0.0224 A){0.0250 Q)

= R=w—9.369=]2.9.§1
0.0224 A
|
- ———]
Ry;=9.36()
D E LOL0224 A
| 3
R=0025062  200A
£ 0V

26.30: a)7 = =0.208 A

R, [(8.230+425Q)

=V =e—lr=90V-(0.208 A)(8.2302)=88.30.

By e e o B P F g
r+R, r+R, (#iR)+1 R, ¥V
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Now if ¥is to be off by nomore than 4% it requires: é= %— 1=0.0416.

26.31: a) When the palvanometer reading is zero:
82 — IRC@ a.[ld.-f.‘l = .{Rab = 52 = 81 &= 81 ?.
ab
b) The value of the galvanometer’s resistance is unimportant since no current flows
through it.
&) oy e S ISV Sy
f 1.000 m

26.32: Two voltmeters with different resistances are connected in series across a 120-V

I = 120\; =1.20x10" A. But the current
R 100x10° €2

toral
required for full-scale deflection for each voltmeter is:
150V 150V

I = =Y 00150 Aand f g o
ALY 10000 0 AAR0 ) 90 000
So the readings are:

1.20x107° A
Vi =150V 22— 2
o { 0.0150 A

line. So the current flowing is { =

=1.67x107 A.

=3
]=]2 Vand ¥, =150 v{l'zoxw =

S IRY
1.67x107 A]

26.33: A half-scale reading occurs with R =600 £2. So the current through the
galvanometer is half the full-scale current.

-3
=e=IR, :»1.50\/:(%](15.09%009%3): R =218Q

26.34: a) When the wires are shorted, the full-scale deflection current is obtained:
s=IR,, =152 V=[250x10" A[65.0€2+ R)=> R=3543C2

foral
v 152V

by Ifithe resistance R =200€2:7 = = =1.88 mA.
R, ©650Q+543Q+R,

& 1 = L 1.52V :>Rx=1'52V—6089.
R, ©65.0Q+543Q+R, g
So:Ix=lfﬁd=6.25x10'4A:bszszit—GOSQ:]SMQ.

4 6.25x107" A
II=1IM=1.25><10_3A:>R1=L\i—6089=608.(.2.
2 1252107 A
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Ix:%‘ffm‘ =1.875x10" A= R =¢—608 =2030

" 1.875%107° A

sl

26.36: Anuncharged capacitor is placed into a circuit.
a) At the instant the circuit is completed, there is no voltage over the capacitor,
since it has no charge stored.

b) All the voltage of the battery is lost over the resistor,so ¥V, — s —125V.
c) There is no charge on the capacitor.

26.35: [R ]{?%

s 125V

d) The current through the resistor is { = =
7500 €2

=0.0167 A

Rfafae'
e) After a long time has passed:

The voltage over the capacitor balances the emf: ¥ =125 V.

The voltage over the resister is zero.

The capacitor’s charge is g=Cv, =(4.60x 107° F) (125 V)=5.75x 107 C.

The current in the circuit is zero.

g 6.55%107° C
RC  (1.28x10° Q) (4.55x10™" F)

p) T=RC=(1.28x 10° €2)(4.55 %107 F)=5.82x 107 s.

2637: a) i= =1.12%107" A

26.38:

e B o 64'005 —8.49%107 F.
RIn(v,/v) (340105 Q) (In (12/3)

V=1e

2639:  a) The time constant RC = (0.895x10° Q) (12.4x10° Fy=11.1s.Soat:
t=Ugug==0(]—p " )=0,
t=53:1g=Ce(l—&""")= (124 x107° F) (60.0 V) (1 — g COH!L1ly
=2.70%107* C.
t=105:g=Ce(l—e """ )= (12.4%107° F) (60.0 V) (1 — g 1002111
=442%107* C.
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£=208:g=Cell - )= (124107 B) (60.0 V) (1 70000

=6.21x10™ C.
t=1005:g=Cs(1 - ") = (12.4 2107 F)(60.0 V) (1 — g “7 1111y
=744%107* C.
b) The current at time ¢ is given by: i= %e'“ﬂc. Soat:

t=0s:1 =%e—‘”“-‘ =6.70%107° A
t=55:i=%e“5““ —4.27x107° A.
t=10s :f:%e‘“’““ =2.27x107 A
L=205:5=%e—”““ =1.11%107° A
f:]ﬂﬁs:s=%e*m-l —820%107% A,

c) Charge against time:

<00
Qo=

B ‘ A -
0. 400 B4 2 Lun 20400
rish

Current against time:

26.40: a) Originally, r = RC = 0.870 5. The combined capacitance of the two identical
capacitors in series is given by
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1 T e 2 <

=—+—=—: Cm =
ST S R o 2
The new time constant is thus R (£) = 2222 = 0.435 s,

b) With the two capacitors in parallel the new total capacitane is simply 2 C. Thus the
time constant is R{(2C)y=2(0.870s5)=1.74 5.

26.41: ¢ —V,— V. =0
£=120V,V, = IR = (0.900 A) (80.0) = 72V, 50V, =48V
O =CV =(4.00x 10°F) (48V) =192 xC)

26.42: a) O=CV =(5.90x10% F) (23.0 V)=1.65x 10~ C.
LI S —
Q Cln(1-4/Q)
2
After 1=3x107 5: R= secleld] S — 4630
(590 %10 F) (In(1 — 110/165))

c) If the charge is to be 99% of final value:

5:(1 — &MY = t= —RC In(l— g/ Q)

= (463€2)(5.90 x10™ F) In(0.01) = 0.0126 5.

b) QZQ(I—E_”RC):)E_”RCZI—

26.43: a) The time constant RC = (980 Q) (1.50 x 10~ F)=0.0147 5.

t=0055:g=Ce(l—e ™) =(1.20x 107 F) 18.0 V) (1 —¢ """y —1.33%107 C.

b) i= £ pviad 18.0 Ve—o.mmmm —930x10° A
R 98002

=V, =IR=(9.30x10" A) (980D =911Vand ¥, =18.0V -9.11 V=889V,

c) Once the switch is thrown, ¥, =¥V, =889 V.
d) Aftert=001s:qg=0,e " =({1.50%107 F) (8.89 V)e """ = 675107 C,

26.44:a) = ; = % =17.1A. Sowe need at lest 14-pauge wire (good up to 18

A). 12 pange is ok (good up to 25 A).

www.FreelLibros.me



2 2 2
b) P=V— :R:V_:wzmg
R F 4100 W

¢) Atlle/KWhr = in 1 hour,cost =(11¢/kWhr) (1 hr)(4.1 kW) = 45¢.

26.45: We want to trip a 20-A circuit breaker:

LT = :>WiLhP=900W:I=1500w+900w20A.

+
120V 120V 120 120V

26.46: The current gets split evenly between all the parallel bulbs. A single bulb will

P OW

20A
draw { = —=——=0.75 A = Number of bulbs < = 26.7. Sovou can attach
Vo120V A

26 bulbs safely.

dgATEay ps A0

L _60A= P=IV =(6.0A)(120V)=T20 W.
R 200

b) At T=280°C, R=R, (1+aAT) =20 (1+ (2.8 %107 (C°)™ (257°C))

=344 Q.
v 120V

R 344A

—349A = P=(349A)(120 V) =419 W.

26.48: a)

-1
R oRk| ki | mReg| 28
“ R R, R+ R

2 S N S
o R +R, R +R,
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-l
bR =1 1] - BRR+R)
= \R+R R, R +R,+R,

IR =R =>R(R+R,+R)=R(R +R)= R =R (R +R)R,

—
R, R,
3

26.49: a) We wanted a total resistance of 400 € and power of 2.4 W froma
combination of individual resistors of 400 £ and 1.2 W power - rating.

1.4 K
N i
—

b) The current is given by: f = JPIR = \/2.4 W /400 €2 = 0.077 A.In each leg half the
current flows, so the power in each resistor in each resistor in each combination is the
same: P=(J/2)"R=(0.039 A)* (400 Q)= 0.6 W.

26.50: a) First realize that the Cuand Ni cables are in parallel.

. s
1 1 1
= (e
‘RCablc ‘RNi Cu
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L
Ruy=pulid= Frui 5

e

L

Roy = poy Lid = po, m

2 2
o 1  na x(b* —a”)

R 5 Pl Peul

E{a? b?—a?]
= | —%
Ll oy Foy

=& (0.050 m)® . (0.100 m)? — (0.050 m)?2
20m | 7.8 107 Qm 1.72 2107 Om

R, =136x10" Q=136 uQ2

L i
D) R=pe—=pz—r
) P ” P B

bR m(0.10m)° (13.6x107° Q)
L 20 m

=214%10" Qm

26.51: Let R =1.00 £, the resistance of one wire. Each half of the wire has R, = R/2.

Ry, Ry Ry, Ry Ry,
The equivalent resistance is R, + R,/ 2 + R, =5R,/2=3(0.5000)1.25£

26.52: a) The equivalent resistance of the two bulbs is 1.0 £1. So the current is:

v 80V

I= -
R,, 1.0Q+0800

= 4.4 A = the current through each bulbis 2.2 A,

V,p=e—B=80V_(44A)(080Q)=44V=P  =IV=022A)(44V)=99W
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b) If one bulb burns out, then

Vo 5.0V
R 2,004+ 0808

fotal

=

—29A= P=I"R=(29A) (20Q)=163W,

so the remaining bulb is brighter than before.

26.53: The maximum allowed power is when the total current is the maximum allowed

value of 7 = \fPIR = \/36 W/ 2.4€=3.9 A ' Then half the current flows through the
patallcl reaiators and the maximum power ia:

B, =(I/2YR+U/D'R+I*R= %IQR =%(3.9 AV (24Q)=54W.

-1
26.54: a) B_(8,16,16) = T T =4.08;
= RO 166 168
=1
R.(9,18)= T
AT 90 180

So the circuit is equivalent to the one shown below. Thus:

-1
K_= : + 1 =38.00
L6460 200440

] 1
| S
4402 2040

6l G4k
o)
[E—

b) If the current through the 8- resistor is 2.4 A, then the top branch current is
I(8,16,16) =24 A+ L2 4 A+ 124 A = 4.8 A But the bottom branch current is twice

that of the top, since iis resistance is half. Therefore the potential of point a relative to
point xis ¥, =—IR_(9,18)=—(9.6 A) (6.00€2)=—-58 V.
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26.55: Circuit (a)
The 75.0€2 and 40.0 € resistors are in paralleland have equivalent resistance 26.09
The 25.0 £ and 50.0 £ resistors are in parallel and have equivalent resistancel6.67 £2.
The network is equivalent to

g i . b o LY
HEARTYY [ I [V
S = AL h A
*‘ ol
1 1

— -+ so R =187 Q

R, 10000 23.056

Circuit (b)

The

30.0 £ and 45.0 £ resistors are in parallel and have equivalent resistance 18.0 2.

The network is equivalent to

i Y 3 ]
i tLelsd : U:J!’f A~ T flj*t\]:ilxj
A% ‘/\( W \/\/ ‘ gy —‘
= A A
L EE R

OiLE

P i
i f Y,
W W

EIniTe) LRI ST AVAY A
AP el
a & s b
.00 oo | 100 42 I
AN —NAN AAN =
2338 - 30,3 03
# \'W /V\‘.-’f
L = —1 g 1 s0 B =7580
R 10,02 3030 =

g

26.56: Recognize thai the ohmmeter measures the equivalent parallel resistance, not just
X
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1 1 1 1 1
iy + £
2026 X 1156 1300 B50

X=4680

26.57: Top leftloop: 12— 5(7, —1,)— 1, =0=12 — 61, + 5I, = 0.

Top right loop:9 —8(Z, +1,) — 1, =0 =9 — 97, —81, =0.
Bottom loop: 12 —10[,—9+1, —1[, = 0= 3+ 1, — I, — 10, = 0.

Solving these three equations for the currents yields:

1,=0848 4,1,=214 Aand [, =0.171 A,

26.58: Outsideloop:24 — 7(18)-3(1.8 -1 )=0=1 =—2.0A.
Right loop: ¢—7(1.8)—2(-2.0)=0= s =8.6V.

26.59: Left loop: 20—14— 21, +4(I, — )= 0=> 6— 6I, +4I, = 0.
Right loop : 36 — 51, —4(F, —I,)= 0= 36 + 41, —91, = 0.

Solving these two equations for th2 currents yields:

L =52A=1,,I,=632A=I_,and I,  =I,—I =111A,

26.60: a) Using the currents as defined on the circuit diagram below we obtain three
equations to solve for the currents:

f
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Leftloop: 14-1 —2(f,—-I1,)=0
=3[ -2, =14

Toploop: —-2(I-In+L,+1, =0
=-2I+31 +1 =0

Boitom loop : —({ -, + 1)+ 2({, - L)-I, =0
=-I4+3] 4L, =0.

Solving these equations for the currents we find:

I=1, =100A 1 =1, =60A;L, =1, =20A.

So the other currents are:
Iﬂ! =f-i =4.0A;Iﬂd =f-1,=40 A;Iﬂs =f-1+1,=60A.

140
bR, === 10.0: =1.40€

26.61: a) Going around the complete loop, we have:

Za—ZIR=12.0V—8.0V—I(9.0Q)=0:>I=0.44A.

=SV,=2c-» IR=120V-100V - (044 A) 2 Q +1Q+1Q)
=+0.22V.

b) If now the points a and b are connected by a wire, the circuit becomes equivalent to

the diagram shown below. The two loop equations for currents are (leaving out
the units):

12 -10— 47, +4L,=0=1,= 1, — 0.5

and

10-8—4I, — 5[, =2— 4L, —5(f, + [,)=0
=2 (4], —2)—SI, =51, +2.5=0
= I, = 0.464 A.

Thus the current through the 12-V baitery is 0.464 A.
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nv
FYA

26.62: a) First do series/parallel raduction:

2008
W

o150 ) -
2A b —————| —— iy

2048
i ; W [

Now apply Kirchhoff’s laws and solve for #.

AV, =0:— (20 Q)2 A)—35 V—(20 )7, =0
L= 5 A
I+L=2AT =2A—(-225A)=4.25A

AV s =015 QY (25 A+ 6 —(20) (- 2.25 A)=1D
£ =—109V; polarity should be reversed.

b) Parallel branch has a 10£2 resistance .
AV =RI=(10Q)(2A)=20V

.ﬂV_?-O'\"_z
L 3A

Current in upper part: [ =5-= ==

Pt=U STt Rt=U
2 2
[EAJ (10Qy =607

t=13.55s
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26.63:

i | =007 2000 52

S AAAPS
éa J *
<

120 44 AN
= AN ]

k /*
= |(HJQ

= TYiRe!
_\_\_:.';‘ LLAS

=

P |

Y, +L(10.0Q)+12.0V =V,
V.-V, =12.706V; ¥V, -V, =V. -V, =127V

26.64: First recognize that if the 40 €2 resistor is safe, all the other resistors are also safe.

PR=PSI'40E)=1W
I=0.158 A

Now use series / parallel reduction to simplify the circuit. The upper parallel branch is
6.38 € and the lower one is 25 €. The series sum is now 126 2. Ohm’s law gives

s=(126 H(D158A)=19.9V
26.65: The 20.0-0Q) and 30.0-£2 resistors are in parallel and have equivalent resistance

12.0 €. The two resistors R are in parallel and have equivalent resistance R/2. The
circuit is equivalent to

e Lo i o
& -..Jf\fh"-.-’ 2 ' ;"‘-f \-"‘I‘.‘.r
E [ P
o IR ‘; e MY
B e
l 00V + "
‘ S0 A | I
. ;
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a) ¥V, —(5.00 A)12.0 ) - (5.00 A)(18.0Q) - 200V =V},
V.-V, =200V +90.0V+600V=170.0V
V,-V,=V,=160V
A —¥,=170.0V s0 X =186.0 V,with theupper terminal +

b) I, ={16.0V)/(8.000)=2.00A
The junction rule applied to point ¢ gives /, +7, =5.00 A, 30/, =3.00 A, The
current through the 200.0'V battery is in the direction from the — to the + terminal, as
shown in the diagram.
c) 2000V - [,(R/2)=170.0V
(3.00 A)(R/2)=30.0VsoR=20.00

2
26.66: For three identical resistors in series, £, = Z—R If they are now in parallel over the

PP Pt Pt
same voltage, P, =—

= - = 9P —9(2T W)=243 W.
R, R/3 3R

26.67: F =¢*/R so R, =&/F
P, =¢'[R,s0R, =£*/P,

a) When the resistors are connected in parallel to the emf, the voltage across each
resistor is £ and the power dissipated by each resisior is the same as if only the one
=H+B

b) When the resistors are connected in series the equivalent resistance is
R =R +R,

resistor were connected. P

tot

- g’ . s _ AR
R+R, &R+ /P, R+P

Pt

26.68: a) Ignoring the capacitor for the moment, the equivalent resistance of the two
parallel resistors is
1 1 1 3

R, 600 3.00£ 6000

In the absence of the capacitor, the total current in the eircuit (the current through the
8.00 £ resistor) would be

R, =2009

£ _ 4oV
R 8.000+2.008
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of which 2/3, or 2.80 A, would go through the 3.00 £ resistor and 1/3, or 1.40 A,
would go through the 6.00 £ resistor. Since the current through the capacitor is given by

.
E=_EJIRC’

R
at the instant # =0 the circuit behaves as through the capacitor were not present, so the

currents through the various resistors are as calculated above.

b) Once the capacitor is fully charged, no current flows through that part of the circuit.
The B.00 £2 and the 6.00 €2 resistors are now in series, and the current through them is
i=g/R=(42.0 V)/(8.00 Q2+ 6.00) =3.00 A. The voltage drop across both the 6.00 €2
resistor and the capacitor is thus ¥ =iR = (3.00 A)(6.00£2) =18.0' V. (There is no
cuwrent through the 3.00£2 resistor and so no voltage drop across it.) The change on the
capacitor is

Q=CV =(4.00x107° farad)(18.0 V) = 7.2 x107°C

26.69: a) When the switch i3 open, only the outer resistances have current through them.
So the equivalent resistance of them is:

-1
R_= l + : =4.SOQ:>I=L=36'0V
H 604+38 30 46£) R, 4500

=3.00 A

=V, = [128.00 AJ (3.00 ) — [128.00 AJ (6.00Q)=-12.0V.

b) If the switch is closed, the circuit geometry and resistance ratios become identical
to that of Problem 26.60 and the same analysis can be carried out. However, we can also
use symmetry to infer the following:

lon=%L,and [, . =11,.. From the left loop as in Problem 26.60:

2 1
36 V—[Efmj(ﬁ Q)13 =02 I =514 A Ly = 3Ly =1T1A

2 5 s 360V
(C) Ibatng-[m+f3g:§[39 =B 5TA= Re-q :SS?A

=4.20£2

26.70: a) With an open switch: ¥, = £ =18.0V, since equilibrium has been reached.

b) Point “a” is at a higher potential since it is directly connected to the positive
terminal of the battery.

c) When the switch is closed:
1IB0V=1(600Q4+3.00)=I=200A =V, =(2.00 A)3.000)= 600V,

d) Initially the capacitor’s charges were:
Q, =CV=(3.00x 10°° F)(18.0 V)=5.40x107 C.

Q, =CV =(600x107° F)(18.0 V)=1.08x107" C.
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After the switch is closed:
0, =CF= (3.00><10"S B18.0 V-12.0 V)=1.80»107 C.
Q. =CV =(6.00x 107 P(18.0 V-6.0V)=7.20x10" C.

So both capacitors lose 2.60x107° C,

26.71: a) With an open switch:
@ =C_ ¥ =(2.00x 107" F)(18.0 V)=3.60x107" C.
Also, there is a current in the lefi branch:

_ BN s
6.00Q2+3.00Q

%—IRGQ = M
6.0x107 F
b) Point “b™ is at the higher potential.
c) If the switch is closed:
¥V, =V, =(2.00 A)3.00€2)= 6.00V.

d) New charges are:
O, =CV =(3.00x107 F)(6.0 V)=1.80x107 C.

O, =CV =(6.00x107° F)(—12.0 V)=—7.20x107 C.

= AQ, =+3.60x107 C—(1.80x107° C)=+1.80%107 C.

= AQ, =—3.60x107 C—(-7.20x2107° C)=+3.602107 C.
So the total charge flowing through the switch is 5.40 1077 C.

S0, V=V Vi = — (2.0 A)6.00Q)=-6.00V.

26.72: The current for full-scale deflection is 0.02 A. From the circuit we can derive

three equations:
i) (R +R,+ R ))00.100A - 0.02 A)=48.0£002 A)

=R +R,+ R, =1200.
(ii) (R + R )1.00A -0.02A)=(48.0Q+ R,)(0.02 A)
= R +R, - 0.0204R, =0980 %2,
(iii) R (10.0A -002A)={48.0Q2+ R, + R, )0.02 A)
= R - 0.002R, - 0.002R, = 0.096 Q.
From (i) and (ii) = R,=10.8Q
From (ji) and (iii) R, =1.08Q. Andso= R =0.12Q

26.73: From the 3-V range:
(1.00x107° A)40.0Q+ R)=3.00V=>R =2960Q =R ___, =3000Q.
www.FreelLibros.me



From the 15-V range:
(1.00%x107 A)40.0Q+R +R,)=150 V=R, =12000Q= R _ .
From the 150-V range:
(1.00% 107 A)40.0Q+ R + R, +R,)=130 V= R, =135,000Q

=150 k£

=15000 £2.

=R

overall
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-1
26.74: a) R__ =100m+{2001m+ solmJ — 140 kX
_JHOEY _ o cpnis i
140 kQ
1 i ¥
= Voo =F R=(2.86 x 107° A + —1144 V.
A ( )[2001;9 somJ

b) If ¥, =5.00x 10° €, then we carry out the same calculations as above to find
R =292kQ=1=137x% 107° A= Vipoea = 263 V.
c) If ¥, =, then wefind B, =200k = 7 =133% 107 A = V., =266 V.

B P Y g g (TR
(30 k2 + R) (30kQ + R)

= (63 VI(30KQ + R) = (110 V30 kQ = R = 13.5 k2.

68 V.

26.76: a) V=IR+IR, = R=LX - R The true resistance R is always less than the

reading because in the circuit the ammeter’s resistance causes the current to be less then
it should. Thus the smaller current requires the resistance R to be calculated larger than it
should be.

b) I =%+4 = R=3%=+—5 Now the current measured is greater than that

through the resistor, so R =¥ /I, isalways greater than V' /1.
c) (a) P=I*R=I"(WV/I-R,)=IV-I'R,.
(b): P=V?/R=V{I-V/R)=IV-V*/R,.

26.77: a) When the bridse is balanced, no current flows through the galvanometer:

I,=0=V,=V,=>NI,, =PI, =N (P+X) _p N+ M)
(P+ X+ N+M) (P+X+N+AM)
MP

= N(P+X) = P(N+M)= NX = PM = X ==

y_ (8500)(33.48Q)
15.00Q

(b) = 18970

26.78: In order for the second galvanometer to give the same full-scale deflection and to
have the same resistance as the first, we need two additional resistances as shown below.
So:
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(3.6 uA)Y(3B.0L) =(1.496 mA)R, = R =91.4m2
And for the total resistance tobe 65 ) :

=l
65=R, + | + . =R, =6490Q
383.0Q 00914 Q

()
R_::\._gasl AF=300pA
1
£
%, Al-15mA
26.79: a) [ = L =YDk
(224 €24 589 £2)

= Vo = (0.111AY)224 Q) =249 V.

= Viwg = (0.111 A)(589 Q) = 65.4 V.
B 90 V
589 Q0+ (3 + )

b)

and ¥y, = & — IR0

(90 V)(539 Q)

:}23.8V=90V—5899+( . mm)

-1
oyl d g A T _oumeran, seme
R, 2240

c} If the voltmeter is connected over the 589 - €2 resistor, then:

5

1 1
38?4 589 £l

-1
R —22494—[ ] =7350

90V
=g~ MIR2AS + L also 38741, = 58910,

0.122 A
= Lign =11 g = V06 A =0 = Lyn R=(0.106 AYSEI) =624V,

3875
d) No. From the equation in part (b) one can see that any voltmeter with finite

resistance R, placed in parallel with any other resistance will always decrease the

measured voltage.
2 2
oy @ B=l OOV oo @y mefoldE)
R 4260 dt ¢ 4 C
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120V
4.26 L2
b) Afteralongtime, i=0= F, =0, F, =0, F =0.

(iii) P, = =(120V) ~ 3330 W.
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R0 _ 0.5 = :l[ﬂ :ﬂ: 14.08 A.
2 2(4.26 £3)

= P, =I"R=(14.08 A)" (4.26 (1) =845 W.
ig 0, iz (14.08 A)120V)

= et =845 W.
G 20 2 2

And P, = o = (120 V)(14.08 A)=1690 W,

When g = %Qf =

26.81: a) If the given capacitor was fully charged for the given emf, O, =CV =

(341 e F(180V)=6.12x1 07" €. Since it has more charge than this gffer it was

connected, this tells us the capacitor is discharging and so the current must be flowing
toward the negative plate. The capacitor started with more charge than was “allowed™ for
the given emf. Tet

O(t=0)=0, and Q¢ =)= Q,.Forall t, 0(t) = (Q, -0, ) ™* + 0,

We are given Q at some time ¢ = T;Q(¢ = T)=8.15x107 C and from
above O, = 612 107 C. The current () = 21 = 80 ¢ Ari =T, O(T)=
(Q,—©Q,)e ™™ +Q,.S0 thecurrent at t =T i5 [(T) = M(—e”“)zw.

Thus I(T) = 2307 C+812:07C _ g 94 %1072 A (toward the negative plate).

(7.25% 107 03 40 = LO7F 7Y
b) As time goes on, the capacitor will discharge to 6.12x107* C as calculated
above.

26.82: For a charged capacitor, connecied into a circuit:

- ﬁi’; = O, = [,RC = (0.620 A)(5.88 kQ)8.55x 107 F)=3.12x10 C.

110V
26.83: s =R R=-—-——— " _169x10°Q=
I, 65x107°A
gmla P08 _amenfE
R 1.69%10° Q

@' (0.0081C)°
2C  2(4.62x107° F)

2 2
by By =L R=| 2| &= il ———=3616W.
RC (850 ©2)(4.62 % 10™° F)

26.84: ) U, = =7.101
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2 2
2 2
:}Q:&:}p:[ﬁj R-1 2 r_lp _smw
N5 RC 2\ RC 2

26.85: a) We will say that a capacitor is discharged if its charge is less than that
of one electron, The time this fakes is then given by:

g=0e ™ = t=RCInI(Q,/e)

== (6.7%x10° Q)(9.2x107 F)In (7.0x107° C/1.6x107% C)=19.365,
or 31.4 time constants.

b) Asshown in (a), #=1ln (Q, /q), and so the number of time consants

required to discharge the capacitor is independent of R and €, and depends only on
the initial charge.

26.86: a) The equivalent capacitance and time constant are:

-1
1 1 s
C. =|——+——| =200F=r=R_,C_=(600Q)2.00 F)=120%10" g
= [S‘UF GJUF] ' foral Teq ( )( IMF)
b) After £ =1.20x107 5, =0, (1- e /**)=C_s(l-¢
g _ cmg(l _eleay (2.0 4F)Y(12 V)
Cr Lo 3.0 4F

—1fRC,

)

(l-e')=5.06V.

:;’.V—J;,uF:

2687: a) E

fosal

s TP, dt =Tg[ dE= g—; je"“‘c d=s'Ch=s"C.
] 0

o

o o 2 1
b) E, =[P, dt=[i"Rat= % [eir¢ ar=—s"C
4] 0 4]

2 2
gu=L2 T loc g,
2C 2 2
d) One half of the energy is stored in the capacitor, regardless of the sizes of the

resistor.

-E

i*

2 2 o=
2688:  i=— Dm0 o poyig- S " > _ 5 7 e at
RC RC RC*
_O RC Q"
E L g
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26.89: a) Using Kirchhoff's Rules on the circuit we find:
Left loop: 92 —140f, —210f, + 55=0= 147 —140f, — 2107, = 0.
Right loop: 57351, - 210, + 55=0=112-210{, — 351, = 0.
Currents: =i - +i,=0
Solving for the three currents we have:
I, =0300A, I, =03500A, I, =0200A
b) Leaving only the 92-V hattery in the circuit:
Lett loop: 92 —1404, — 210{, = 0.
Right loop: —357,-210f, =0.
Currents: I —-L+I,=0

Solving for the three currents:
L =0541A, I,=0077A, [,=-0464 A

¢) Leaving only the 57-V battery in the circuit:

Left loop: 1407, +210Z, = 0.
Right loop: 57— 357, —210{, =10
Currents: e R U
Solving for the three currents:
I, =-028T7A, I,=0192A, I,=0480A.

d) Leaving only the 55-V battery in the circuit:
Left loop: 551404, - 2104, =0.
Rightloop:  55-357,-210{, =0.
Currents: I~y dy =100

Solving for the three currents:
[ =0046 A, L,=0231A, I,=01835 A,
e) If we sum the currents from the previous three parts we find:
I, =0300A, I,=0500A, I, =0.200 A, just as in part (a).

f) Changing the 57-V battery for an 30-V battery just affects the calculation in part
(c). It changes to:

Left loop: 1407 + 2107, = 0.
Right loop: 80-357, —210/, = 0.
Currents: I —-i,+1, =0

Solving for the three currents:
[ =-0403A, [, =0269A, I, =067T2A

So the total current for the full circuit is the sum of (b), (d) and (f) above:
£, =0184 A, I, =03576A, [,=0392 A,

26.90: a) Fully charged:
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Q=CV =(10.0x107" F)1000 V)=1.00x107° C.
R R RC

b) iy = = i(t) = [i = ije"“c", where C' =1.1C.

R RC

c) We need a resistance such that the current will be greater than 1 pA for longer

than 200 us.
1

=200 us) =1.0%10° A= —|1000V - —————— |, mn
R R[ 1.11.0x10™ B)

1.0x107% ¢ } e
£
= 1.0%107° A:i(90.9).9*“-3““’"-ﬂ-"f’R = 183R—RInR-18%10" =0,

Solving for R numerically we find 7.15 10° Q= R=<7.01x107 £x
If the resistance is too small, then the capacitor discharges too quickly, and if the
resistance is too large, the currant is not large enough.
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2691: We can re-draw the circuit as shown below:

i T
#y
= e ]
" | |
b he—{
-1
:>RT=ZRL+[i+iJ =R + by =R —2RR.—2RR. =0
: R R, + Ry

26.92:

! 3
Let current 7 enter at ¢ and exit at b. At ¢ there are three equivalent branches, so
current is { /3 in each. At the next junction point there are two equivalent branches
so each gets current 7 /6. Then at & there are three equivalent branches with current
I/3 in each. The voltage drop from a to b thenis ¥ =(£)R+ ({)R+({)R=2IR

This must be the same as ¥V =fRK_,s0 R =ER.
== = 6

2693: a) The circuit can be re-drawn as follows:

o . PR ——
G f ¢ l g g
i Ry } — Ry,
i f i | 1] 5 |
—7 | s — |—e,
R
Then ¥, =V, 2 =¥, 1 andch=i.
2R + R 2R /R +1 R, + R,
But'g=w=£:;,yﬂd=yﬂb ! .
R.K, R 1+ 5
b) Recall

¥ 2, = h___ % e = Vo __ b :
1+ 5) a+p) a+p)” Ta+p) a+py
www.FreelLibros.me
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If R, =R, = R. =R +R"+2RR =R(1++3) and ,5=2(1LJ‘§)= 2.73.
_|_

So, for the nth segment to have 1% of the original voltage, we need:

1 ___ 1 c001=n=4:7, =000,
A+ B8y (1+2.73)

¢) R.=R ++R*+2RR,
= R, =64100Q + J(moo )° + 206400 £2) (8.0 2 10° £2) = 3.2 x10° Q1

_2(6400 £2)(3.2x10° 2+8.0x 10° Q)
(3.2x10° ) (8.0 x 10° ©2)

= 5 —4.0x107

d) Along a length of 2.0 mm of axon, there are 2000 segments each 1.0 qam long.
The voltage therefore attenuates by:

= % i Voo _ : oo = 34 1074,

1+ 5) ¥, (1+4.0x107)

2000

e) If R, =33%10" Q=R =21x10°Q and f=62x107".

Vawo _ ! = 0.88.

V, (1+62x107%)%®

27.1: a) F=ghxB(—1.24%107 C)(-3.85x 10" m/s)(1.40 T)(j % {)
= F=—(6.68x107 NI
b) F=gixB
— F=(—1.24%107 C)(1.40 D[( —3.85% 10* m/s)(f » £) + (4.19%10* m/s)(f » £)]
= F=(668x107 N)i+(7.27x107° N)

27.2: Need a force from the magnetic field to balance the downward gravitational force.

Its magnitude is:

mg  (1.95%107 ke)(9.80 m/s")

; il (2.50x107 C)(4.00 x 10% m/s)
The right-hand rule requires the magnetic field to be to the east, since the velocity

is northward, the charge is negative, and the force is upwards.

=191T.

qgB=mg = B =

27.3: By the ripht-hand rule, the charge is positive.
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X '\\ X
T
w | ™
% \x,k___
A k4
\
Sl P i =g D
R
e -3 4 ST =
:}a=(].22><10 C)(3.0x10 ;:n,/s)(l.GS T)(JXI)=—(0.330m/stk.
1.812107 kg

27.5: See figure on next page. Let F, = gvB, then:
F_=F, inthe —k direction
F, = F, inthe + j direction
F_ =0, since B and velocity are parallel
F,=F, sin 45 in the —  direction
F = F, inthe — (f+ k) direction

Fitd

27.6: a) The smallest possible acceleration is zero, when the motion is parallel to the

magnetic field. The greatest acceleration is when the velocity and magnetic field are at
right angles:

gvB  (1.6x107 C)(2.50%10°m/s)(7.4 x 1072 T)
a -~ = —=
m (9112107 k)

3.25%10% mfs”.

b) If a= i 08 2105ty P G 95 M
FrL
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F 4.60x107" N
|g| B sin ¢ (1.6 x10" C)3.5% 107 T) sin 60°

27.7: F=l|glvBsing=>v=

=9.49%10° m/s.

27.8: a) F=qux B=gB,[v,(ixk)+v,(ixk)+v,(E xk)]=gB,[v, (=) +v, D]

Set this equal to the given value of F to obtain;

E, (7.40%107" N)

-, . — _106 m/s
YT gB, —(—560%107 C)(—1.25T) /
Bl CGAXITN oo

B, (—5.60%10” C)(—1.25T)

b) The value of v, is indeterminate.
5 A F F, o

¢c) v-F=vF +vF +vF,=—"—F +—F =0,8=90.
-g8, * 4B

7

—_— — =

27.9: F= gv x B, v=vy} with v, =—3.80%10°m/s
F, =4+7.60%107 N, F,=0,and F, =—520x10* N
F=qv,B —v,B)=qv 3B,
B = Fx/qu =(7.60% 107 N)/([?.SOX 107 C) —3.80x10°m/s)] =—0.256 T
F, =q(v,B, —v,B, )=0, which is consistent with Fas given in the problem. No

force component along the direction of the velocity.
‘Frz = Q(VxBy == VyB:r) = _gVyB
B = F?/gvy =-0175T

g

x

b) B is not determined. No force due to this component of B along v; measurement

of the force tells us nothing about 5.
c)B-F=BF +BF +BF =(-0175T)(+7.60x 107 N) +
(0256 T)( - 520%107° N
B.-F= 0; Band Fare perpendicular (angle is 907 )

27.10: a) The total flux must be zero, so the flux through the remaining surfaces must be
—0.120 Wh.
b) The shape of the surface is unimportant, just that it is closed.

www.FreelLibros.me



27.01:a) ©, =B - A=(0.230 T)x(0.065m)? =3.05x 107 Wh,
b) @, =B A= (0.230 T)x(0.065 m)* cos 53.1°=1.83x 107 Wh.
¢) ®,=0since B L A,

27.12: a) ®,(abcd)=B-A=0,
b) @, (befc) = B - A =—(0.128T)0.300 m)(0.300 m) = — 0.0115 Wh.
) ®B(aefd)=§-Z=BACOS¢=%(O.128 T)(0.500 m)(0.300 m) =+ 0.0115 Wh.

d) The net flux through the rest of the surfaces is zero since they are parallel to the x-
axis so the rotal flux is the sum of all parts above, which is zero.

27.13: a) B= [(p— " )]_; and we can calculate the flux through each surface. Note that

there is no flux through any surfaces parallel to the y-axis. Thus, the total flux through the
closed surface is:

®,(abe)= B- A = ([~(0.300 T — 0)] + [0.300 T — (2.00 T/m? )(0.300 rn)2 ])
X %(0.400 m)(0.300 m)
——0.0108 Wh.

b) The student’s claim is implansible since it would require the existence of a
magnetic monopole to result in a net non-zero flux through the closed surface.

2714:a) p=mv=m [@J = RgB = (4.68 x 107 m)(6.4x 107" C)(1.65T)
i

=4.94x107 kg m/s.
b) L=Rp=R%gB=(4.68%10° m)?(6.410™° C)(1.65T) = 2.31 102 kg m*/s.
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9.11x 107" ke)(1.41x10°
sy B s A LA R ADAT G,y oy cnion
|q|R (1.60 107" C)(0.0500 m)
The direction of the magnetic field is into the page (the charge is nepative).
b) The time to complete half a circle is just the distance traveled divided by the

velocity:

jo o el ORS00 ey

v v 1.4]><]06m[5

ares Ay Ball 0T X 107 ke)(1.41x 10°m/s) _
gR  (1.60x107 C)(0.0500 r)

The direction of the magnetic field i3 out of the page (the charge is positive).
b) The time to complete half a circle is unchanged:

t=111%x107 s,

0.294°T

2717: K, +U, =K, + U,
U=K,=0, 80 K, =U,; %mv? = ke’ /r

2k : 2%
v=g,|— =(1.602x 107 C) - - =1.2%10"m/s
mr }](3.34x10' " ke)(1.0%107° m)
b) ZF = ma gives gvB = mv?/r
27 T
B mv=(3.34x10 kg)1.2>10 WS)=0.]0T

gr  (1.602x107° C)2.50 m)

27.18: a) F =qvB sin g
F 0.00320x 107 N

T gvsing  8(1.60% 107 C)(500, 000 m/s ) sin 90°

B=500T.If the angle # is less than 907, a larger field is needed to produce the

same force. The direction of the fisld must be toward the south so that v » B can be
downward.
b) F=gvBsiné
yosy AP 4.60x107" N
gBsing (1.60x107 C)2.10T) sin 90°
v=137%10"m/s.If # is less than 90°, the speed would have to be larger to have the

same force. The force is upward, so v x B must be downward since the electron is
negarive, so the velocity must be toward the south.
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27.19: g = (4.00 x10° )} —1.602x107" C)= 6408 % 107" C
speed at bottom of shaft: Lmv® = mgy; v =/2gy = 49.5 m/s

v is downward and E is west, so ;x Eis north. Since g < 0, ? is south.
F=gqvBsinf = (6.408 % 107! C){49.5 m/s)(0.250 T) sin 90° = 7.93 » 109 N

27.20: (a) R="2
gb
,_ 9BR _ 3(1.60x10™" C)(0.250 T)(*F2 m)
m 12(1.67 107" kg)

v=2.84%10m/3
Since ¥ » B is to the left but the charges are bent to the right, they must be

negarive.

b) F,_,, =mg=12(1.67x 1077 kg)(9.80m/s" ) =1.96x 107" N
o = gvB=3(1.6 x10™° ()(2.84 % 10° m/s)(0.250 T)

=341x107*N

2 12

Since £ =107 2 F_

c) The speed does not change since the magnetic force is perpendicular to the velocity
and therefore does not do work on the particles.

Fm@c

_ we can safely neglect gravity.

_gRB (1.60x1077 C)(6.96x107° m)(2.50 T)
T om (3.34 %1077 kg)

D xR _ 7(6.96x10"m)
v v 834x10°m/s
mv'  (3.34 %107 kg)(8.34 % 10° my/s)’
2g 2(1.60% 107" C)

27.21: a) v =8.34 % 10° nys.

b) t= =2.62x107" s

=7260V.

c) %mv2 =gV =V=

o793 g _ (011x107 kgi(2.8x10°m/s)

= — =1.82%10"m.
g (1.60 x 107" C)(0.0377 T)

m2mf  (9.11x% 107 ke)22(3.00 F x 10% Hz)
|q| (1.60x107° )
This is about 2.4 times the greatest magnitude vet obtained on earth.
b) Protons have a greater mass than the electrons, so a greater magnetic fizld would be
required to accelerate them with the same frequency, so there would be no advantage in
using them.

27.23:a) B= =107 T.
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27.24: The initial velocity is all in the y-direction, and we want the piich to equal the
radius of curvanire

Fr AN

=d =vI=—L=R
gR

But i, P8,
® gB

2omy, PV

o B g miges gugle
gB gt v,

27.25: a) The radius of the path is unaffected, but the pitch of the helix varies with time
as the proton is accelerated in the x-direction.

=27
by T 2% 2 2n(L6Tx107 ke)

= e =1.31%107 5,#=T7/2,and
g8 (1.60x107"° €)(0.500T)

1.6% 1072 C)2.00%10° V.
5t gl Lo AL NI 0 it
m 167%107 kg

£

1.92 102 m/s?)(6.56 x 107 5)°
d,=voxt+%a,r?=(1.5><105Eflf3)(6-56><10_8 3+ 2 mfsz)( =
=d_=0014m.

2(1.6 %107 C)(220V
27.26: Lt =gt y= 22V [RLOXIY O)EOVY) _ 596,10 nys.
2 m (1.16x107 ke)

116 %10 kg)(7.79 % 10°
e 00 J100AD = e N DO R), oo i
B (1.60x107 C)Y0.723T)

llgar 5 3
— %WQ:MM:W: | =\/2(1.6><10 ) 2.0x10° V)
Fiys

(9112107 kp)
=2.65%10" m/s.

oy

=3l 7
520, Gl “ B 6a e 10T E) oo ynriog,
gR (1.60%10%° C)0.180 m)
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27.28: a) v=FE/B=(1.56%10*V/m )/(4.62 2107 T)=3.38 x 10° m/s.

b)
@ L L [ ]
LIJ
¥
5z my  (9.11x10™ kg)(3.38 % 10° m/s)

“lgB T (1.60%10™° C)it.62x107 T)
= R=417%10" m.
27m _ 2rR 27(4.17 x107 m)

= - : =774%107 5.
le|B v (3.38x10°m/s)

7=

27.29:a) F, = F, so|ghB=g|E; B=E/v=010T
Forces balance for either sign of 4.
b) E=V/d sov=E/B=V/dB

smallest v:

largest ¥, smallest B, v__ = iy =2.1%10'm/s
(0.0325 m)(0.180 T)

largest v:

560V

s Vim = =32%10"m/s
(0.0325 m)(0.054 T)

smallest V', largest B

27.30: To pass undeflected in both cases, F=vB = (5.85x 10‘1'111/3)(1.35 T)= 7898 N/C.
a) If ¢ = 0.640% 107 C, the electric field direction is given by — (jx (— &) =i,
since it must point in the opposite direction to the magnetic force.
b) If g =—0.320x 107 C, the electric field direction is given by ((— f) x (—k)) =1,
since it must point in the same direction as the magnetic force, which has swapped from
part (a). The electric force will now point opposite to the magnetic force for this negative

charge using F. =gkF.

_mv_mE __ RgB® _(0.310m)1.60x107" C)(0.540 T)"
gB ¢B’ E (1.12 %10° V/m)
=1.29 %107 kg
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1.29% 107 kg

m = 78 atomic mass units.
66 % g

= miamu) =
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27.32:2) E=vB=(1.82%x10°m/s)(0.650 T)=1.18 x10° V/m.
b) E=V/d =V =Ed=(1.18x10° V/m)(5.20x 10~ m) = 6.14 kV.

27.33: a) For minimum magnitude, the angle should be adjusted so that (Ej is parallel
to the ground, thus perpendicular to the current. To counter gravity, fL.B = mg, 50
B=F

b) We want the magnetic force to point up. With a northward current, a westward
B field will accomplish this.

27.34: a) F =11 = (1.20 A) (0.0100 m) (0.538 T)= 7.06 x 10~ N, and by ihe righthand

mle, the easterly magnetic field results in a southerly force.
b) Ifthe field is southerly, then the force is to the west, and of the same magnitude as

part (a), F=7.06 107 N.
c) Ifthe field is 30° south of west, the force is 30° west of north ( 90°
counterclockwise from the field) and still of the same magnimde, F = 7.60 x 10° N.

aas: 1-2 Dl ~97A
B (0.200 m) (0.067 T)

27.36: F = IIB = (10.8 A)(0.050m)(0.550T) = 0.297 N.

27.37: The wire lies on the x-axis and the force on 1 cm of it is

a) F=I1xB=(-3.50 A)0.010 m) —0.65 T)F x J)= +(0.023 N) k.

b) F=I1xB=(-350A)0.010m)(+0.56T)(f x £)=+(0.020 N) }

¢) F=11xB=(-3.50 A)0.010 m)(—0.31T)(i x )= 0.

d) F=1ITxB=(-3.50 A)0.010 m) —028 T)( x £) = (—9.8x10° N} }

¢) F=I1xB=(-3.50A)0.010m)0.74T (Fx })— 0.36 T ( x k)]
= — (0.026 N}k — (0.013 N) 7.

= =

27.38: F=I1xB
Between the poles of the magnet, the magnetic field points to the right. Using the
fingertips of your right hand, rotatz the current vector by 90° into the direction of the
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magnetic field vector. Your thumb points downward—which is the direction of the
magnetic force.
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27.39: a) F, = mg when bar is just ready to levitate.

=326T7TA

BB =g b B W0 kg)(9.80m/s”)
TR T (0,500 m)(0.450T)

s =IR=(32.67 A)25.00)=817TV

b) R=2.00 I=5/R=(8167V)/(20£) =408 A
F,=NB=9N
a=(F, —mg)fa=113mfs’

27.40: (a) The magnetic force on the bar must be upward so the current through it
must be to the right. Therefore 2 must be the positive terminal.
(b) For balance, I, =mg
IiB sind =mg
fiBsin 8
m = ee—
g
I=g/R=175V/5.0002=350A

(35.0 A)(0.600 m){1.50 T)
m=
9.80 m/s”

~321kg

27.41: a) The force on the siraight section along the —x-axis is zero.

For the half of the semicircle at nepative x the force is out of the page. For the
half of the semicircle at positive x the force is into the page. The net force on the
semicircular section is zero.

The force on the straight section that is perpendicular to the plane of the figure is
in the —y-direction and has magninide F = ILB.

The total magnetic force on the conductor is /LB, in the — y -direction.

b) If the semicircular section is replaced by a straight section along the x -axis, then the
magnetic force on that straight section would be zero, the same as it is for the semicircle.

27.42: a) r=1IBA= (6.2 AY0.19 T)0.050 m)(0.080 m)=4.71x107° N-m.
b) =14 =(6.2 A)0.050 m)(C.080 m)=0.025 A - m".

c) Maximum torque will occur when the area is largest, which means a circle:
2zR=2(0.050m + 0.080 m)= R=0.041m.

= =IB4d=(6.2A)0.19 T)(0.04041 m)" = 6.22 210> N-m.
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27.43: a) The torque is maximum when the plane of loop is parallel to B.
r=NIB4sing = r__ = (15)(2.7 A)(0.56 T)x(0.08866 m/2)" sin 90°= 0.132 N - m.
b) The torque on the loop is 71%; of the maximum when sing = 0.71 = ¢ = 45°.

27.44: (a) The force on each segment of the coil is toward the center of the coil, as the

net force and net torque are both zzro.
(b) As viewed from above:
N "'-M-.- 4 L
/!')f

ot

T A

"'-(X] PP . b 'L.u:..-_.

Asin (a), the forces cancel

rr=2F. % sin &
=fIBL 3in &
=(1.40 A)0.220 m)(1.50 T)0.350 m) sin 30°
=R.09x 107 N - m counterclockwise

27.45:a) T=2xr/v=15x10"3
b) I=Q/t=e/t=1.1mA
c) u=I4=Izr*=93x10" A.m"*

27.46: a) ¢ =90°: r = NI4B sin(90°) = NI4B, direction : £ x j=—i,U =— NuB cosg = 0.
b) @¢=0:1r= Nl4AB sin(0) =0, no direction, IV = — NuB cosgd =— NI4B.
€) ¢ =90°:7 = NI4B sin(90°) = NI4B, direction: — kx j=1, U = — NuB cosg = 0.
d) ¢=180°:r = NI4R sin(180°) = 0, no direction, U = — NuB cos(180°) = NI4B.

27947 AU=U, -U =-uBcos0°+ B cos180°= -2 uB
=—2(1.45A-m?)(0.835T) =— 2.42 1.
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V.- =
2748:a) ¥V, =5+ Ir>P=—2 £ _120V-105V
¥ 3.20

b) P =1V, = (4.7 A)(120 V)= 564 W.
¢) P, =1V, —I'r=564 W— (4.7 A)’(3.2Q)=493 W.

=4.TA.

27.49:a) I, =%=].13A

b) I, =1, I, =4824-1134=3.694
€) V=s+ IR —>s=V_IR =120V_(3.69 A)5.90)=98.2 V.
d) P, =4, =(98.2V)3.69A)=1362 W.

120V
27.50: a) Field current [, = m =0.550 A.

by Rotorcurrent /, =7, — I, =4.82A - 0.550 A=4.27 A,
c) ¥=s+IR =s=V-IR =120V— (427 A)Y590Q)=948 V.
d) P, =I;R, =(0.550A)" (218 Q) =659 W.

¢) P=I'R =(4.27 AY(5.9Q)=108 W.

f) Power input= (120 V) (4.82 A)= 578 W.

; Pw (BTBW-659W 108 W —45W) 359W
g) Efficiency = = =
F 578 W 578 W

imput

=0.621.

J I
27.51: a) Vi =%=I|q|

B 120 A
(0.0118 m)(2.3 %107 m)(5.85%10% m™)1.6x107% )

= v, =4.72 x10% mys.

b) E, =v,B, =(#.72x107°m/s)(0.95T)=4.48 x 107 N/C, in the + 7 -direction

(negative charge).
c) Vo =zE, =(0.0118 m)(4.48x 107 N/C)=5.29%107 V.

27.52: __J.B, B, B B,
eE,  4qE,  4g

z

£, i ¥ |‘_'t'|£
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(73.0 A)2.29 T)
232107 m)(1.6x 107 C)(1.31x 107 V)

= =3.7x 10" electrons per cubic meter.

27.53: a) By inspection, using F=gvx B B=-58 _; will provide the corrzact direction
for each force. Using either force,say F,, B = Tr ‘
gV,
b) £, =gl |B sin 45° = WE B e | = o
V22

27.54: a) F=qvxB=—qV[B,(fxi)+ B,(jx k)] =qVBk—qVB,i
by B, =0,B, <0,sign of B doesn't maiter.

‘ J_|q|vB

c) F |g|VB §= |q|VB i,

27.55: The direction of E is horizontal and perpendicular to v, as shown in the skeich:

Fy =qvB, F; =q&
F_=F_for nodeflection, 50 gvB = g&
=vB=(14.0m/s)(0.500 T) = 7.00 V/m

We ignored the gravity force. If the target is 5.0 m from the rifle, it takes the
bullet 0.36 s to reach the target and during this time the bullet moves downward

Y-, = %a.yr? = 0.62 m. The magnetic and electric forces we considered are horizontal.

A vertical electric field of £ =mg/q = 0.038 V/m would be required to cancel the
eravity force. Air resistance has also been neglected.

27.56: a) Motion is circular:

x'+y'=R"= x=D =y =+R" - D" (path of deflected particle)
= R (equation for tangent to the circle, path of undeflected particle)
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2 2
d=y, -y =R-JR*-D*=R- R.lJl—D— { ]—D—?}

2 2
RS HS 2R [ 12| 2
2R )| 2R

For a particle moving in a magnetic field, R = m_;
q

Bllj:lwnf"j'=qV,SOR=l ZL
2 B

-
g
7 2
Thus, the deflection d:sDB,f £l =DBJ € .
3 Vam¥ 2 NP

(0.50m)* (5.0 107 T) (1.6x107° C)
2 2(9.11 %107 ke )(750 V)

d =~ 13% of D, which is fairly significant.

=0.067 m = 6.7 cr.

b) d =

gBR  (1.6x107° C)(0.85 T)(0.40 m)
1.67 % 107" kg

=7 7 2
g b e BT Y GERIV B o e e sy

= 2

=32.3%10" m/s.

27.57:a) v, =

27k 2x(0.4 m)
v 3.3x107 mfs
c) If the energy was to be doubled, then the speed would have to be increased by
JZ_, as would the magnetic field. Therefore the new magnetic field would be

B —~2B,=12T.
d)For alpha particles,

ml 2 i
E, (@)=E, (p)m—”%ﬂm(p)—"

by T= =7.6x107s.

2
(qu’z) = £, (2).
q

A i 7ok
27.58:2) F=quxB=glv, v, v,|=q[0 0 v |=—gvBi+qWB,].
B,B,B,| |B BB,
But F = 3F,{ + 4F, ], 50 3F, = —qvB, and 4F, = qvB,
3F, . 4K,
=B, =—", B = , B, is arbitrary.
gv’ gv’
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6F,

F 7
) B=—= B B +B =2 Jo416+B7 ="" [254 B
) q—V x ¥ 7 qv ¥ qv z
::-B?:i”ﬂ'-
v

€L

27.50: f=2 _ g8 _ f. _ 4.Bi2um, g _ (1116 x107"
U7 2 2 T fy quBl2umy  em, \3

K8 _ a4
9.11 2107 kg '

27.60: a) K=2.7MeV(2.7x10°V) (1.6 107" JeV)=4.32x107" ].

=13
e o o ARSI TD, i
m Y 167x107 kg

=27 7
_ p_mv_ (167210 ls:gl)g(2.2?><10 B s
gB (1.6x10™° C) (3.5 T)

7
Also, = ¥ _ 227 %107 s

o 0 =334 %10° rad/s.
R 0.068 m

b) If the energy reaches the final value of 5.4 MeV, the velocity increases by 2 ,as

does the radius, to 0.096 m. The angular frequeney is unchanged from part {a) at
3.34x10°rad/ s.

27.61: a) F =qix B =gl(v,B,)-(v,8)]]|= F* = ¢*[v,8,)" - (v,B,)?]
F 1
2

125N 1
0.120T \,/[«:1(1.05><106 nis)|* + | 301.05x10° s ]?
—_1.98x10° C.

~ F qvxB s X
b)) a=—= =i[(vy32)): —(VXBE);]
Frl Frl Fr
— —am - -~ -
5= Lmlc (1.05 % 10° m/s) (~0.120T) [4i o 3;}
2.58 %107 kg

= 4=9.67x10°m/s? [4f + 37}

c) The motion is helical since the force is in the xy-plane but the velocity has a z-
component. The radius of the circular part of the motion is:
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—1s 2 &
oMy _ (25810 kgzs(u)(l.()leO W) oo
gB (1.98x 107 C) (0.120 T)

g
§ Fo@ @B _1%8x10 C)(_?S.lon)=14_?mz_
2t 2mm 2x(2.58x107° ke)

e) After bwo complete cycles, the x and y values are back to their original values, x =
R and y= 0, but z has changed.

2v,  2(+12)(1.05 % 10° m/s)
z=2Iv, =—F=

=1.71m.
F 1.47 10" Hz

F -8
27.68: a) Ty —gE v \/‘IER | 8 | 0Sullcyaoy)
R = m In(b/a) (9.11% 107 ke)In(5.00/0.100)

=y =2.32%10° m/s.
2
=q(E+vB)3[%]v? —(gBy—gE =0

b) v
= (2.28%x107%)v" — (2.08 %107 — (1.23x107y=0
= v=282%10° m/s or —1.91x10° m/s,

but we need the positive velocity to et the correct force, so v = 2.82 x 10° m/s.

c) If the direction of the magnetic field is reversed, then there is a smaller net
force and a smaller velocity, and the value is the second root found in part (b),

= v=3.19%10° m/s.

E  1.88x10* N/C

27.63: v=ro =0 V5 62510* m/s,and R =22 50
B 0.701 T gB

_ B2(1.66x 107" kg) (268 x 10* m/s)
(1.60 x 107 C) {0.701°T)

 84(1.66x 107" kg)(2.68 x 10" m/s)
(1.60%107% C) (0.701°T)

 86(1.66x 1077 kg) (2.68 % 10" m/s)
(1.60 x 107 ) (0.701T)

So the distance between two adjacent lines is 2R = 1.6 mm.

” 0.0325 m.

=0.0333 m.

E2

” —0.0341 m.

27.64: F, = q(v,B, —v,B,)=0.

www.FreelLibros.me



=g(v,B, —v,B,)=(945x107 C) (5.85x10* m/s) (0.450 T)

=249%107 N.
F =g(v,B, —v,B,)=—9.45x107° C) (-3.11x10*m/s) (0.450 T)

=1.32%10" N.

27.65: a) 1, F =1 lu % B =1(i,B)} 3§ =— (658 A)X0.750 m)0.860 T)k
= (4.4 N)k.

L F=Il.xB=1I(, 3)[(’\5) }——(6.58A)(0.?50m)(0.860T)}

= (—4.24 N)J.

1 F=IluxB=I(, 3){(" B, }z—(ﬁSSA}(OTSOm)(OStSOT)Lv+k}

V2

= F =248 j+£]

-

b F=IlaxB=I.,B ;Ex;]:—(658A)(0?50m)(0860T)J (—4.24 N

by F=IlyxB-= 10 B)~)xi=0

b) Summing all the forces in part {a) we have Fuow =(—4.24 N)_f.
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27.66: a) F=ILB, tothe right.

2 2

b) v =2ad =>d =2 =~
2z 2ILB
= 2
¢) d=_U12x10 mis) @oke) _ 54, g6 oy 3140 ki

2(2000 A)(0.50 m)(0.50 T)

27.67: The current is to the left, so the force is into the plane.

S F,=Ncos§-Mg=0and 3 F, = Nsind— F, =0,
= F =Mg tanf;:ILB:;I:%

27.68: a) By examining a small piece of the wire (shown below) we find:

F, =ILB = 2T sin(®/2)
979 LR __ T

= LB

—
2 2 iR

iy
b) For a particle:
2
qu=m :>B=E=M:>v=&.
R Rg Tyg ml
R L e L LA e
2 bl b v
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Vo 1(gnBYa) _1(g)( m )"
2l m v, 20 m 2qV

b) This can be used for isotope separation since the mass in the
denominator leads to different locations for different isotopes.

27.70: (a) During acceleration of the ions:

1
V="mv
27y

24V
i

In the magnetic field:

eV
_my_ N

" gB  gB
i gB*R*
2V

®) ¥ gB'R*  (1.60x1077 C)(0.150 T)*{0.500 m)”
2m 212)(1.66 x 1077 kg)
¥ =2.26 %10 volts

BB
g8

{c) The ions are separated by the differences in their diameters.
IZVm
AD=D, -Dy, =2 —2
gB

g (2
Wl u) ‘/;m
o [ (. )

2\/2(226><10 V)(1.66 %1077 kg) (/7 - 12)

(1.6x107% C)(0.150 T
=8.01%107% m =~ 8 cm — easily distinpuishible.

27.71: a)
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daaly ’ Divide the rod into infinitesimal sections of
length dr.

The magnetic force on this section is dF, =15 dv and is perpendicular to the rod.
The torque dr due to the force on this section is dr = »dF, = IBr dr. The total torque is

jdr =IB J:r dr=1 1" B = 0.0442 N/m,clockwise. This is the same torque calculated
from a force diagram in which the total magnetic force F, = [IB acts at the center of the
rod.

b} F, produces a clockwise torque so the spring force must produce a

counterclockwise torque. The spring force must be to the lefi, the spring is strefched.
Find x, the amount the spring is streiched:

Z r =10, axis at hinge, counterclockwise torques positive

(kx) sin 53°— LI*B =0

e .EB _ (6.50 A)(0.200 @)(0.340 T) — 0.05765 m
2k sin 53.0° 2(4.80 N/m) sin 53.0°

U=tk =798%1071]

27.72: a) F=1I1xB= F,,=(500A)(0.600m)(3.00T)sin(0° =0 N, F,,
= (5.00 A) (0.800 m) (3.00 T) 5in(90°) = 12.0 Ninto the page), F,, = (5.00 A)(1.00 m) (3.00 T
(%) =12.0 N (out of the page).

b) The net force on the triangular loop of wire is zero.

c) For calculating torque on a uniform wire we can assume that the force on a wire is
applied at the wire’s center. Also, note that we are finding the torque with respect to the
PR-axis (not about a point), and consequently the lever arm will be the distance from the
wire’s center (o the x-axis.

|E‘=‘Fxf"=rFsin(é?):>rPQ =r(ON)=0,c,, =(0m) Fsin §=0, 1, =

(0.300 m) (12.0 N) 5in(90%) = 3.60 N - m (pointing to the right and parallel to PR)
d) According to Eqn. 27.28, c = NI4AR sing = (1) (5.00 A) (%) (0.600 m) (0.800 m)
(3.00 T) 5in(90%) = 3.60 N - m, which agrees with part (c).
e) The point {2 will be rotated out of the plane of the figure.
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27.73:

s

iy

dr=0,
counterclockwise torques positive
mg(l/2) sin 37.0° — L4B sin 53.0°, with 4 =17°
- mg sin 37 _mg tan 37 _10.0 A
2iB sin 53° 2iB

27.74: 2) F=I1xB=I({k)»B=1I [(— B + (Bx)}'}
= F, =—[IB, =—(9.00 A)(0.250 m)(~0.985 T)= 2.22 N.
F,=IB, = (9.00 A) (0.250 m) (-0.242 T) = —0.545 N

= F_ =0, since the wire is in the z - direction.

b) F=yF +F" = /(222 N)? + (0.545N)? =2.29 N.

27.75: Summing the torques on the wire from gravity and the magnetic field will enable
us fo find the magnetic field value.
t, =148 sin 60° = B(8.2 A) (0.060 m) (0.050 m) sin 60° = (0.0341 N - m/T)5B.

There are three sides to consider for the gravitational torque, leading ro:
T, =megl, sin g+ 2mygl, sin g,

where /, is the moment arm from the pivot to the far 6 cm leg and {, is the moment arm
from the pivot to the ceniers of mass of the 8 cm legs.

= 7, = (9.8 m/s?) sin 30°((0.00015 kg/cm) (6 cm) (0.080 m)

+ 2(0.00015 kg/cm) (8 co) (0.040 m)]

-
s —opmurad Kooy e Sa XA NI g e ey TR
s 0.0241 N-m/T
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27.76: a) t=I4B sin 60° = (15.0 A)(0.060 m) (0.080 m) (0.43 T) sin 60°=0.030 N- m

in the — j direction. To keep the loop in place, yvou must provide a torque in the + j
direction.

b)r = L4B sin 30°=(15.0 A)0.60 m) (0.080 m) (0.48 T) sin 30°=0.017 N-m, in
the + j direction you must provide a torque in the — j direction to keep the loop in

place.

¢) If the loop was pivoted through its center, then there would be a torque on both
sides of the loop parallel to the rotation axis. However, the lever arm is only half as large,
so the total torque in each case is identical to the values found in paris (a) and (b).
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dal__, &'s

21T GEIAZESS . —
dt dt
but 7| = B sing = NI4B ¢ (sin ¢ =~ ¢)if ¢ is small)
a* NIAB
Y W,
dt I

I

This describes simple harmonic motion with

" =@:>T=2—z=2:r1’L.
I ] NI4B

-3

27.78: |7| = uB sing = I4B sin g.
2 2
g - L goo | L qued B
=90° [ = = d=m"=g|— | Dr=|— || —|B= :
d L [mrj [22?: j {4;{?] 8

27.79: The y-components of the magnetic field provide forces which cancel as vou go
around the loop. The x-components of the magnetic field, however, provide a net force in
the —y- direction.

P
F= _[NIB dl 5in 60° = NIB 5in 60° _[df = 2 RNIB sin 60°
o

= F = 27(0.0156/2 m) (50) (0.950 A) (0.220 T) sin 60° = 0.444 N.

2780 Fox =N p wF= 3 oF b=k ) F23 i Y ixF,= 3 £ (P),
Note that we added a term after the second equals sign that was zero because the
body is in translational equilibrium.

27.81: a)
. #

A
=% A
| T s
7

.-’/ .";

i

[
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a i
b) Sidel: F = _[Id!xB fjﬂk 1230_::1;'.

Side 2: F = jfd:x3=fj

Op=L 0=z

i . IBL§.

z g
. - - = By@ - 1 :
Side2: F= |HI=xB=] | 22 (- §y=—_JRB Ii.
| | 2 eh=—I5,

Lox=F Loa=L
Sided: F = _[Id!xB Ij Dby g
Zy=0 = L

c) The sum of all forces is ?‘7 war-==IB L],

27.82: a)

|
L

4
- L S —— Z o "
b) Sidel:F = _[Id IxB =fj@(—k} =—%BOLH(.

o L
— e B i %
Side3: F _[Id xB=II°TWk—+—IBOLk
4] 4]
- SByxdx - 1
Side4: F _[Id! % B= f[ OL (—k)=——1IB,Lk
4] ]
whi ok ke IR T .
c) If free to rotate about the x-axis = z = L= F = 02 E=EMBOI
—* —+ — 2 - -
d) If frce to rotate about the yv-axis = c=L=x F= IB;L J=—%MBOJ

= 2> =
e) The form of the torque z = g » B is not appropriate, since the magnetic field is not
constant.
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27.83: a) Ay=0350m - 0.025 m = 0.325 m, we must subiract off the amount
immersed since the bar is accelerating until it leaves the pools and thus hasn’t reached v,

vet.
vi=0 :Vo? — 2ghy = vy = 4f2gAW
=y, = J2(9.8 m/s* )(0.325) = 2.52 mvs.
b) In a distance of 0.025 m the wire’s speed increases from zero to 2.52 m/s.
% 2.52 m/s)"
gt OLHO)"  gsee oegs

2y 2¢0.025 m)
mig+a)  (540x107 kg) (127 + 9.8) m/s?)

F=HOB-mg=ma=i= =T.58 A
LB (0.15 m) (0.00650 T)
c) V=IR:>R=K=m=O.2OQ_
I 7584

c) Since there are two down quarks, each of half the charge of the up quark,

ew 2evr
Ha = Hy =T:’#mm=—

C3p_ 3(9.66%1077 A-m’

d) v= = e T
Jer  2(1.60%10°° C)(1.20 x10 " m)

=7.55%10" m/s.

2785:a) u=Ildfi=- Idk using the right - hand rule.

i J k
b) F=aAxB=|0 0 —Id={(4B - j(I4B,).
B, B, B,
But 7 =4Di —3Dj, 50 4B, = 4D, — I4B, =-3D
u_Fy_
I

1302
+BT=""

13D 250°
'4* 7 M

But B, =i/ B + B +B] T 50

2
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120

=B, =i§,butU=—;-§c:0, so take B, =120
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27.86: a) df = dif = Rd8|-sin&i + cos&f | Note that this implies that when & = 0, the
line element points in the + y-direction, and when the angle is 90°, the line element
points in the — x-direction. This is in agreement with the diagram.

dF = Idi % B = IR0 | sin 6 — cosgfx (B.1) = ¢F = IB_Rdo |- cos k|

o
~cosflB, R dbk = —IB,R [ cos fdsk = 0.
0

0

i
b) F=|
0
) di=rxdF = R(cosdi +sindf) » (IB,R d5 [— cos Hﬂ )
= df = —R*IB 49 (sin fcosfi — cos® 67).
2w E . P
[ sin &cos Gt — [ cos” 9&@,‘} = IR’B, [g et 29] i
4]

d) 7 =Id§=—RQIB{
0
= T=IR"Bnj=InR'B j=IdkxBi=7=jaxB

27.87: a) {B-dA= [Bad+ [ Bad= [(fLydd+ [Bda=0.
top bamel top harrel

= 0=8Lm" +B2nLl =B ()=
b) The two diagrams show views of the field lines from the top and side

27.88: a) AU=—(z,-B-j,-B)
—(i, — i) B = [—,u(—.é — (=087 + 0.6}))}- [BO (12i + 37 —4;2)]

= AU = KB, [(-0.8)(+12)+ (0.6)(+3) + (+1)i(-4)]

= AU = (12.5 A)4.45x 107 m?)(0.0115 TH(—11.8) = —7.55 x 1071,
=1
UPSERIT, e

b) AK:lfm?:m=1/2M = — -
2 I 8.50% 107" kg-m
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my  (3.20% 107" kg)(1.45%10° m/s)

27.89:a) R=—= = 5.14 m.
gB (2.15% 107 C)(0.4207T)
—
SR T [ 4
N 025m | |
17 !

b) The distance along the curve, 4, is given by
d=RA=(514m)sin"'(0.25/5.14)=0.25 m.

0.25
Andp=So FEM 955107,
v 1.45x10° mis
¢) Ax, =d tan{8/2) = (0.25 mtan (2.79°/2) = 6.08 x 10 m.

d) Ax=Ax +Ax, = 6.08x10™ m+ (0.50 m) tan(2.79°) = 0.0304 m.

27.90: a) Ap=Fd=IBd=JB.
_Ap (1.0 atm)(1.013x10° Palatm)
1B (0.0350 m)(2.20 T)

b) J =1.32 %10 A/m”.

27.91: a) The maximum speed occurs at the top of the cycloidal path, and hence the
radius of curvature is greatest there. Once the motion is beyond the top, the particle is
being slowed by the eleciric field. As it returns to ¥ = 0, the speed decreases, leading to a
smaller magnetic force, until the particle stops completely. Then the electric field again
provides the acceleration in the y-direction of the particle, leading to the repeated motion.

b) W=Fd=qu=qu=%mv2 :>v=1’@.
i

c) Atthe top,
. 2qE
B gt 0 SO
R 2y m

=—qE:>2qE=qu:>v=%.

28.1: For a charge with velocity ¥ = (8.00x10° m/s)}, the magnetic field produced at

. i i e D%
a position » away from the particle is B = f—oq—Q So for the cases below:
=i

-~

a) F=(+0500m)i = vxf=—k, n =1
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Hy (6.0x10° C)8.0%10° mys) —(1.92%107° T)k =— B,k

BB T p_
4 ¥, 4z (0.50 my*
b) F=(-0500m)j= ixF=0=B=0.
c) F=(0.500m) = ¥ x F=+1, rf:z.
:>;_9.=+&q—21—31
dr v
d) ¥=—(0.500 m)j+ (0.500 m)k = ¥xF=—i,r2===2n
My oqv i B, i Bo;e?
S B=4+t"—=4+—"—-=
4z J2 2 2 22
Ly (a gy
28.2: B —-B+B- i(?+ d?]

(3.0x107° C)(9.0% IUGm/S)J

(8.0x107° C)4.5%10° mjs) |
(0.120 m)*

= B=
4;17{ (0.120 m)*
= B=4.38%107" T, into the page.

283 B ta9PxF
iz
a) p=vi,F=vri; pxF=0B8=0
i i DxF=wk,r=0500m

2
o |q|v 1x107 N-52/CH(4.80 %107 C)6.80x 10°m/s) S
«:m— (0.500 m)°

g is negative,so B = — (1.31 x 0% T)k
fi: % F =(0.500 m)vik, = 0.7071m

¢) P=vi, F=(0.500 m)(i +

B oy 1x107 N-s%/CH4.80% 107 €)(0.500 m)(6.80% 10°m/s )
= | £2 (i < 71/ )= :

4z (0.7071 m)

B=462x107"T; B=-(462x107 T)k
d) $=,F=rk; 5xF=—wf,r=0500m
B= [ﬂ] gl _1»107 N.s?/C%)(1.80 % 107° C)(6.80%10° m/s)
4z ) (0.500 m)’
B=(31x10°T)j
www.Freelibros.me
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28.4: a) Pollowing Example 28.1 we can find the magnetic force between the charges:
00% 107 C)(3.00x107° C)(4.50 x10°m/s)(9.00 x 10°m/s )
(0.240 m)*

=1.69 %107 N (the force on the upper charge points up and the force on the lower charge

’

Fp= = (107 T/ A) L
T

2
r

points down).
The Coulomb force between the charges is

F=k%% = (8.99%10° N -m?/C?) 8RO EITE _ 395N (the force on the upper

0240 m)?
charge points up and the force on the lower charge points down).

T

The ratio of the Coulomb force to the magnetic force is lﬁ;:lSOIiN =222%10° = o

b} The magnetic forces are reversed when the direction of only one velocity is
reversed but the magnimide of the force is unchanged.

28.5: The magnetic field is into the page at the origin, and the magnimde is
My (g gy
B=B+B' = [—2 + ]

dg b\ r ¥
il (4.0x107° C)2.0 x10°m/s) Las x107° C)8.0x 10°m/s )
4 (0.300 m)” (0.400 m)’

= B=1.64 %107 T, into the page.

: . o A . e
28.6: a =—g;B = into the page; B, = out of the page.
)% ey dzd? pag ¢ 4nd? g
(i) v = Y ="t ino the page.

2 424
(i) v=v=B=0.

S gy

iii}y v =2v= B ="""_ out of the 2.
(i} ‘om pag
pod VY

4(23)? and is attractive.
JTlL L8

b) F=gVxB,=

2 r i
Hoq vy q F , 5 2
g) Hp=— e T = 2.00x10°m/ s
) E, 4;'?:(2d)2 o 4;'?:50(2d)2 FC HobgWV = paso /)
=1.00x10",

28.7: a) #=cos & + sin 4 = cos(150°)i + sin(150°) f = — (0.866)i+ (0.500}.
b) df xF=(—dl )% (—(0.866)i +(0.500) /) = — dI{0.500)k =— (5.00 x 10~ m)k
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L df % ¥ pg £d1(0.500m) » g (125 A)(0.010 m)(0.500 m)
c) dB = —=— = k=
4z r 45 r 4 (1.20 m)*

= dB=—-(43%10" T)k.

28.8: The magnetic field at the given points is:
a5 = By Ldising gy (200 4)(0.000100 m)

- =2.00%10° T,
ir ' 4n (0.100 m)’

ap, = fo 14! s;mf? o (200 A)(0.000100m)sin 45° _ . s
4}: > Arr 2(0.100 m)?
gg = o LASE _ p 00 A)(0.000100m) 0 1o 6

“4x P dr (0.100 m)*
Hy Ldlsing  py Idlsin(0°)
4 e CAx rt

H#y Ldisinég

2

=0.

dB, =

dB. =

4z >

4, (200 A) (0.00100 m) /2
Ar 3(0.100 m)* o
= dB, =0.545»10° T.

=dB =—

/ o i
Fa

v A
Vi 4

28.9: The wire carries current in the z-direction. The magnetic field of a small piece of
wire dB = f: e M at different locations is therefore:
T P‘
a) F=(2.00m)i = xf=j
Idising ; gy (4.00A)(5 %107 m) sin 90°
2 2 iy (2.00 mY

a

by F=(00m)j=7x%F=—1i

— dB =12 = 5.00x107" 7.
4x
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e Wl .- Idfsinﬂl:_—,uo (400A)(5x10"4m)sm(90°)
4 ¥ 4 (2.00 m)

=_5.00%107 Ti.

c) F=(2.00m)£+(2.00m)}:.>fx;-=%(}'—£)

4 Idlsing 1 2y (400 A)(5.0x10™ m) 1
= & (_ )_
<2 4 (2.00 m)” + (2.00 m)* Y

=1.77 %107 T(j - )

—dB=

(-

d) F=2.00m)k =7 xF=0

2810:2) Atx—2:B- *”O‘r o =”—°‘r[i]=4‘“°‘r, inthe j direction.
2 @2 3d/2) 22 \3d) 3nd

b) The position x = —% is symmetrical with that of part (a), so the magnetic

field there is B = kol ,inthe j direction.
3ad

28.11: a) At the point exactly midway between the wires, the two magnetic fields are in
opposite directions and cancel.
b) Atadistance z above the top wire, the magnetic fields are in the same

"y N E i Bk
djrectionandaddup:B=§° e p b p He g SHop

™ 2, 2ma 27(3a) 3ma

c) At the same distance as part (b), but below the lower wire, vields the same

2#01”2_

magnitude magnetic field but in the opposite direction: B=- :
JTiL

28.12: The total magnetic field is the vector sum of the constant magnetic field and the
wire's magnetic field. So:
a) At (0, 0,1 m):

Hy(8-00A) ;

=3 s I &
B=Bo— 200§ = (1.50x107°T - i=—(1.0x107T)i.

2mr 27(1.00 m)
b) At{lm, 0, 0):

B=Bo+ Lo 150107y 4+ G004
2 27(1.00 m)

= B=(1.50x10°T)i + (1.6 x 10 T)k =2.19%107° T, at & = 46.8°
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from x to z.

¢) AL(0,0,— 025m): B=Bo+ 2l f- qs0x107T)i 4 2 B0A)
Zm' 2x(0.25 m)

=(7.9%107° T)i.

(-4

28.13: B= IMOI_[E xdyzz_%& . /2 #.;I Qzazle'
(x* +y)Ef 4r x*(x* +y)f‘ dr x(x® +a")
4
28.14: a) B, - Juof J!,:Zsr.rrBo:2;'3(0.04011‘1)(5.50><]0 T)=110A.
m f.fn f,f.o

b) B =‘uir, 50 B(r=0.080 m)=&= 2751074 T,
2mr 2

B(r= 0.]601:[1)=‘i—°=1.37"5>»<10'4 T.

28.15:a) B= Hl _ #B00A)
dwr  22(5.50 m)

b) Since the magnitude of the earth’s magnetic filed is 5.00x 107 T, to the north,

the total magnetic field is now 30° east of north with a magnitude of 5.78 x 107> T. This
could be a problem!

=2.90x107° T, to the east.

28.16: a) B = 0 since the fields arz in opposite directions.
B) BB, bB=tol | Al Pl {1+1J

2y, ng, 2l W

2r 03m 0.2m
=6.67x10™° T =6.67 uT

:(4:?:x10‘TijA)(4.0A)[ L . 1 ]

Note that B 1 », and B , 1 »,

www.FreelLibros.me



B=58 cosf+ B, cosb

=2B cosd
tan 8:% —=6=14.04°y = J(O.20 m)” + (0.05 m)’
B= 2“!1—01!'0055
27,

_, (4 +107 TyA) (40 A)

cos 14.04°
27 (0.20 m)? + (0.05 m)’

=7.53%107° T = 7.52 4T, to the Ieft.

28.17: The only place where the magnetic fields of the bwo wires are in opposite
directions is between the wires, in the plane of the wires.
Consider a point a distance x from the wire carrying 7, = 75.0 A. B willbe

zero where B, =B,
Hod _ thdy
2r(0.400m-x) 2m
L(040m -x)=Ix; [, =250A1,=T5.0A

x=0.300m; B, =0 along a line 0.300 m from the wire carrying 75.0 A amd 0.100 m
from the wire carrying current 25.0 A,

b) Let the wire with 7, = 25.0 A be 0.400 m above the wire with [, =75.0 A
The magnetic fields of the two wites are in opposite directions in the plane of the wires
and at points above both wires or below both wires. But to have B = B, must be closer

to wire #1 since [, < [,, socan have B, = 0 only at points above both wires.
Consider a point a distance x from the wire carrying [, =25.0 A. B will be
zero where B = 5B,

dly sy

2w 2 (0.400 m + x)
Lx=I(0400m+ x); x=0.200m

B, = 0 along a line 0.200 m from the wire carrying 25.0 A and 0.600 m from the wire
carrying current 7, =75.0 A,

28.18: (a) and (b) B = 0 since the magnetic fields due to currenis at opposite corners of
the square cancel.
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(c)

b
| X:J I@
R,
Bj;
— 45"
45
H{‘!
. H,;r "
© (®)

uf
B=8B, cos45°+B cos45°+ B, cos 45°+ B, cos 45°

=48 cos435°= 4[‘”"1]005 45°

2rr

r =4/ (10cm)? + (10 cm)? =10y2 cm=0.10y2 m
4 @2 107 ToyA) (100 4)

B 450
27(0.104/2 m)
—4.0x107* T, to the left.
28.19:
woal |4 | &4
B A
]
2004
. i B ®B,®B.,0
I
B

:,u_ r=0.200m for sach wire
Frrd

B =100%x10" T,B,=080%10" T ,B, =2.00x10" T
Let @ be the positive z-direction. [, =10.0A, 7, =8.0A,71, =200A
B.=-100x107T, B, =—080x107 T, B,,=+2.00x107 T
B.+B, +5,+8,=0

=— (B, + B, + B )=-20x10°T

To give B , in the ® direction the current in wire 4 must be toward the bottom of the
page.
&
deﬁ s0 I, = rB, _ (0.200 m)_(2.0x10 T) “90A
2 (2, [ 2) (2x1077 T-m/A)
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r £*
28.20: On the top wire: i (1 = L] o , upward.
L 2r \d 2d dd

On the middle wire, the magnetic fields cancel so the force is zero.
7 el ( 1, 2 ]_,MOI?

4 28

On the bottom wire: — , downward.
r Amd

28.21: We need the magnetic and gravitational forces to cancel:

ol L g
2k 2mg

= iMg=

Ul L 14, (5.00 A) (2.00 A) (1.20 m)
2mr 27(0.400 m)

repulsive since the currents are in opposite directions.
b) Doubling the cuwrrents makes the force increase by a factor of four to

F=240x10" N.

28.22:a) F = = 6.00x107° N, and the force is

¥ ‘ _ 27(0.0250
sy L _Bolde o TR _ o a0 )
L o I ml, (0,60 A)

b) The two wires repel so the currents are in opposite directions.

=833 A

28.24: There i3 no magnetic field at the center of the loop from the straight sections.
The magnetic field from the semicircle is just half that of a complete loop:

1 1( 8yl
i W [ W
Bl 2[23] 4R

into the page.

28.25: As in Exercise 28.24, there is no confribution from the straizht wires, and now we
have two oppositely oriented contributions from the two semicircles:

_ _1 4
B_(BI_B?)_E[EJFI_I?

into the page. Note that if the two currents are equal, the magnetic field goes to zero at
the center of the loop.

3
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28.26: a) The field still points along the positive x-axis, and thus points into the loop
from this location.

b) If the current is reversed, the magnetic field is reversed. At point P the field would
then point into the loop.

c) Point the thumb of your right hand in the direction of the magnetic moment, under
the given circumstances, the current would appear to flow in the direction that your
fingers curl (i.e., clockwise).

2aB,  2(0.024 m) (0.0580T) 5
N (4107 T-m/A) (R00)
b) Atthe center, B, = u, NI/2a. At adistance x from the center,

B - ,uONIaQ _ [%M] a _ B a’
2 ey 2a )\ + &Y Lt +ahyt

a 1

(.x? -+ a?)m‘ E E
(x* + 2"y = 42° with 2= 0.024 m, s0 x =0.0184 m

28.27: a) B, =, NI/2a, sol= 77 A

B,=%B, means
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4N ,(600) (0.500 A)
2a 2(0.020 m)

=942 %107 T.

28.28: a) From Eq. (29-17), B

b) From Eq. (29-16),

#oz’\ﬁa?

4,(600) (0.500 A) (0.020 m)°
B 6 v

- g =134 %107 T.
2((0.080 m)” + (0.020 m)")

= B(0.08 m) =

2 5 25372
B o, SBOL 1
2(x"+a’) Hoda

_ 2(6.39x10™ T) [(0.06 m)* + (0.06 m)* [** _
#,(2.50 A) (0.06 m)*

28.29: B(x)=

69

28.30: B -df = [, =383x10* T-m= 7, =305A

b) —3.83% 107 since &/ points opposite to B everywhere.

28.31: We will travel around the loops in the counterclockwise direction.
a) I =0=§B-d =0.
by I, = =—4.0A:>:fﬁ-df=—;,zo(4.0A)=—5.03><10"5T-m
) L ==L+ L,=—40A+60A=20A= {B dl = 4,(20A)
=2.51%10° T-m.
ALy =—L+1,+ =40 A= §B -dl =+4,(4.0A)=5.03x10° T-m

Using Ampere’s Law in each case, the sign of the line intepral was determined by
using the right-hand rule. This determines the sign of the integral for a countercloclowrise

path.

28.32: Consider a coaxial cable where the currents min in OPPOSITE directions.
a) For @ <r<b,[ =I3f§-d§=#¢133hr=#0138=%.

v Sand
+

b) For r > ¢, the enclosed cwrent is zero, so the magnetic field is also
Zero.

28.33: Consider a coaxial cable where the currents run in the SAME direction.

www.FreelLibros.me



a) ot a<r<bdo =1 = {B-dl =l = B2 =], = p=toli,

2mr
b) For r > ¢, [, =T +1, = §B-dl =py(, +1,)= B2 =y, ([, + I,)
LY Hy (4 +I’2).
2mr

28.34: Using the formula for the magnetic ficld of a solenoid:

e s #ONI: £, (600) (8.00 A)=0.0402T.
L (0.150 m)
Rl 5 Bt ., B0, ERTINAOHL), o5y
L #of 1y (12.0 A)
¥ TETY, s hurns/m
L 0400 m

b) The length of wire required is 2arN = 2x(0.0140 m ) (116 )= 63 m.

N
28.36: B=ul

BL

Hy N
_ (0.150°T) (1.40 m)
(4 x 107 Tm/A Y4000)

o

=418 A
28.37: ) Bl wnire B ass.qEa
2 (t4/27)
by d =B o288 s aeii A
2a ,uoN

¢) B=pul = (N/L), sol=BLIuN=23T A

28.38: Outside a toroidal solenoid there is no magnetic field and inside it th: magnetic
%NI
2y
a) »=10.12 m, which is outside the toroid, so 8= 0.
www.FreeLibros.me

field is siven by B =



NI £ (250) (8.50 A)
2mv 27(0.160 m)
c) »=0.20 m, which is outside the toroid, so 5= 0

b) r=016m= B = =2.66x107 T.

N 12, (600) (0.650 A)
2 27 (0.070 m)

28.39: B= =1.11%107*T.

poX NI K NI 1;(80) (400)(0.25 A)
2m 2mr 27 (0.060 m)
b) The fraction due to atomic currenis is B'=Z 8 = Z(0.0267 1) = 0.0263°1.

28.40: a) =0.0267T.
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KN . 2o B 22(0.0290m) (0.350T)

2841: ) If K, =1400= B =—nt0"" —
2 K _u N 14, (1400)(500)
0.0725 A.
b If K, =5200= r=1400; iy = 0.0195 A,
5200°"
wr: ) B KalM g 2w _2m(02500m) 1LONT) 0.,

2y "N (500)( 2.400 A)
by X, =K_—1=2020.

28.43: a) The magnetic field from the solenoid alone is:

(i) B, = gk = 1, (6000 m™) (0.15 A)= B, =1.13x10° T.

K -1
T . S
Hy o

(i) B =K, B, =(5200)1.13x107 T)=5.88T.

(1.13%107° T) = M =4.68x10° A/m,

b)
® ® ® &
HU
M
3 B

28.44: [ﬂ - {Nl\;g]m} = [C':ﬂ?} — A -m?]

28.45:

| 20— 03 e

= Hiscepiibilite ! 4l

1L : i : : L
OO0 4006y B0 (200 1A 2000 240 2w 320

[N ]
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The material does obey Curie’s Law because we have a siraight line for temperature
against one over the magnetic susceptibility. The Curie constant from the graph is

= L = L =155%10°K-A/T -m.
ty(slope) 4, (5.13)

www.FreelLibros.me



28.46: The magnetic field of charge g’ at the location of charge g is into the page.
F=qaxﬁr=(q‘})fx4ﬁ qv _( )1 [#0 qv Slﬂg}( k) [#0 aq Smgjj
T ¥

where & is the angle between v and #'.

_F [t 8.00% 107 C)(5.00 x 1075 C)(9.00 % 10* m/5)(6.50 x 10* mys) (ﬁ] .
47 (0.500 m)* 05))

= F=(749%10° N)

#p (1.60107°C)(6.00510* m/5)(2.50 A)
2x (0.045 m)

I
2847 F=egvB =g 2
£ e 2;7:?‘]

=1.07x 107 N.

Let the current run left to right, the electron moves in the opposite diraction,

below the wire, then the magnetic field at the electron is into the page, and the eleciron
feels a force upward, toward the wire, by the right-hand rule (remember the electron is

negative).

28.48: (a) a= F_gBsing ﬂ[#ﬁ;‘rj
R

m 2mr
(1.6 x 1077 C)(250,000m/s)(4x x 107 Tm/A)(25 A)
- (9.11x107 kg)(27)(0.020 m)
=1.1% 10" m/s*, away from the wire.

b} The electric force must balance the magnetic force.
eF =eVB
E=vB=v—" Hot
2mr
(250,000 m/s)(4r x 107 Tm/A)(25 A)
- 27(0.020 )
= 62.5 N/C, away from the wire.

©)  mg=(9.11x10™ kg)(9.8 m/s?)~10"" N
F,=eE=(1.6x10"° C)(62.5N/C)=10™" N

F v 10" F ay» 50 Wecan neglect gravity.
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28.49: Let the wire connected to the 25.0 £2 resistor be #2 and the wire connected to
the 10.0 £2 resistor be #1. Both [ and I, are directed toward the right in the figure, so at

the location of the proton f, is ®@and /, =0

Bl p o B ounpenni0os0mn
2 2

B, =8.00x107°T, B,=320x10° Tand B=B, — B,=480%10" T

and in the direction ©.

F Force is to the right.
F=gvB =(1.602 x107°C)(650 x 10° m/s)(4.80x107° T)=5.00x 107" N

28.50: The fields add
; 2
B=B, +B,=2B =z{ﬁ}
(4 x 107 To/ A)(1.50 A)(0.20 m)*

T (020 m)+ (0.125 m) T
F=gvBsing

= (1.6 21077 C)(2400 m/s)(5.75% 107 T) sin 90°

=2.21x107"" N, perpendicular to the line 2b and to the velocity.

=575%x10°T

28.51: a)

42

" 10,0 A

bt |
b, g5 ]

WA = =
IR Along the dashed line, B, and B are in opposite directions.

If the line has slope —1.00 then », =, and
B =8,5808, =0
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b)

00A

E 'l
wa Y
Along the dashed line, By and B_; are in opposite directions.
If the line has slope 1/3 then », = {10.0/3.0)
and B, =8, soB_ =0
c)
#2
3
200 A N
I #1
) 45"
F| | 2004
Along the dashed line, B and B_; are in opposite directions.
If the line has slope + 1.00 then 1 =+, and B, =58,, s0 5, =0
5 i B}
Hy G X ¥ [y g
28.52: a) B= ﬁ :‘,‘,_ = Er—? Vor  Vop  Vos
1 0 0
= %%(vo?j— voyk)= (6.00%107° T)j
= Ly, =02y, _oand—2l9l, _go0x10°T
4 H A ¢

&
L, 4m(6.00x10 T)(ozsm) B e

i £4,(—7.20%107 ©)

And vy, =+ V2 =9, " —3,," = +,/(800 mVs)® — (—521 m/sy® = 607 ms.

- " -

ik

PO # P' w

by B(0,0250m,0)= EQT f—i%%x Yoy Vs =+f"—};%(vnxk vc,?;)
g T @
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=
= B(0,0.250m, 0)= L2 12l, _ 6 C7I0X10 Clogy o _goyy0 T,
Ar 7 4z (0.250 m)
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28.53: Choose acube of edee length L . with one face on the y-z plane. Then:

Ly B L BOL3
0= B -dA=[[_  B.dd= .[L-L i dd - - = B =0,
so the only possible field is a zero field.
28.54: a)
Hy
4_”.,}(”'“‘*--“
“““«.,??\

b) Bo=- (‘”‘"r ]° B | 25 | Gindf + cosd)
Dt 2mr,

B=[&j& L +23 Lt sm&]x +£cos:9 _}‘J
2z 3 ; !

. 2 e B0

[ j((llf —33.31 )1+(16I)_;)

bul
I

= %((1 2)(4.00 A) - (33.3)(2.00 A)) 7 + (16)(4.00 A)j)

=-3.72x107° T7 +1.28 107 T4
¢) F=IIxB=1IIB j+IBi
= (1.00 AY0.010 m}(3.72x107° T)j+ (1.28x10 ~* T)]

=3.72x107 Tj+1.28x 107" Ti; F =1.33x 107" N, 16.2° counterclockwise
from +x-axis.

28.55: a) If the magnetic fisld at point P is zero, then from Figure (28.46) the current 1,
must be out of the page, in order to cancel the field from 7,. Also:

B=8 =kl _#h 1% _(500a) 020 5004
2m 2mn " (1.50 m)

b) Given the currents, the field at 0 points to the right and has magnitude
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PO L LY m[600A 200AY ... 0en
orln n) 2r-00500m 1.50m

¢) The magnimde of the field at .5 is given by the sum of the squares of the two
fields because they are at right angles. So:

2 2 2
(1 I 6.00A (2.00A :
B.=ofBiim? B 5] (2] _ i =21x107°T.
AT TR [;J [r.a] 2z Yl 0.60m) | 080m

28.56: a)
rew)
e o
R B
i I"Il ..h'"'-..__h_x/
g // \ B
¥ .-/, e s
/../
1oy
b) At a position on the x-axis:
. I
B =24 ging=—_to -
2wy ,"?:\/(.1:24—.{12 \J‘.xQ—Fa?

Hola

=il = i
i J"L'iJC?-F{I?j

in the positive x-direction ., as shown at left.

c)
A

| i
R T
Soahul B 060 |- -

(144} : : :
40 200 1.0M) JURT] 14100 ) ALK

d) The magnetic field is 2 maximum at the origin, x = 0.
Hola

2
X

e) When x »> a, B =

28.57: a)
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= H""\-\..
i \“""a.__‘_
g e
| T
r —
.-//
¥ B H
P
A7 '//
r .
b) Ata position on the x-axis:
1L I X
5 = 2 Fat cose = ‘M; ———
2y }?:y'/x +a \f{ X'+ a

Ix

=B, = ‘E:" =%
;'?:ix +a ]

in the negative y-direction, as shown at left.

c)
Al
) [
Seale L7 w0
00
e

=151 —ind =1 IATH i SAud
lia)

d) The magnetic field is a maximum when:
dB 0= [ ot
x LR (xi + az)?

e) When x >>a, B = %;, which is just like a wire carryving current 21.

:}»(x? +a2)= 2% = x=ta

28.58: a) Wire carrying current into the page, so it feels a force downward from the
other wires, as shown at right.

%=IB=I[ Hola ]

2
x4+

F (600 4)(0400m)

~1.11x107° N/m.
L {0600mT - (0400 m}) fu
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b) If the wire carries current out of the page then the forces felt will be the
opposite of part (a) . Thus the force will be 1.11x107° N/m, upward.

28.59: The cwrent in the wires is 7 = 5/R = (45.0 V}/{0.500 £2)= 90.0 A. The currents

in the wires are in opposite directions, so the wires repel. The force each wire exerts on
the other is

o BollL (2107 N/A?90.0 A¥(3.50 m)

=0.378 N
2 {0.0150 m)

To hold the wires at rest, each spring exerts a force of 0.189 N on each wire.

F=kx 50 k=F/x=(0.189 N)/(0.0050 m)=37.8 N/m

28.60: a) Note that the Earth®s magnetic field exerts no force on wire B, since the
current in wire B is parallel to the Earth’s magnetic field. Thus, for equilibrium, the
remaining two forces that act on wire B must cancel. Assuming that the length of wire B
is L and that wire A carries a current  we obtain
_ Hd(10 4L i H(1.OAYZ.0A) 0
2m 0.050m) 2m(0.100 m)

So

s e WY
0.100 m

b) Note that the force on wire B that is generated by wire C is to the righi. Thus, if the
current in wire C is increased, wire B will slide to the right.

28.61:
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The wires are in equilibrium, so:

x:F=Tsinfand yv:T cos? = mg
mg tand
iB

ButB=£:>I= hrmgtﬂnéﬁ':bf: 2mr mg tan &
2ar B, I {1,

And » = [2(0.0400 m) 5in(6.00°)] =8.36 x 10~ m.

= F=lB=Tsinb=mgand =I=

=232A.

S JQJ?:(S.SGX]O_“' m) (0.0125 kg /m) (9.80mfs?) tan(6.00°)
fy
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28.62: The forces on the top and bottom sepments cancel, leaving the left and right sides:
F=F,+F, =—(IB) + B =11 [— Folyis | Holome ] §o Bl e [l_l}?

25, 2my, 7

- ;;" _ #(5.00 A)0.200m)(14.0A)

[ 1 L JE:-(?.9?><10-5N)£.
2

0.100m 0.026m

Ny Is® n Ny Ia"
Ha L y™

N%IRQJ sin g = NN piod Ia'a’ sind

28.63: a) x>>a= B = and|7|=| g» B|= yuBsiné

25 2%

== (N’f;q’)[

2 r o r
b)U=—u-B=—uBcosf =—(NI'ma') (L“O‘:“ Jcosé‘ - W”O’ﬂ; g
-
c) Having x >> g allows us to simplify the form of the magnetic field, whereas

assuming x >> a' means we canassume that the magnetic field from the first loop is
constant over the second loop.

X

28.64: B=Bﬂ—Bb=1(ﬂ]{1—1]=£[1—3j,om of the page.
25 2 a b da b

28.65: a) Recall for a single loop: B = __fa”_ Here we have two loops, each of

?(—xi‘ +ai‘)5|’?
N turns, and measuring the field along the x-axis from between them means that the
"x"in the formula is different for each case:

2
Leftooll:  x-—>x+2=B = Balvel
% 2((x+a/2) +a')’

2

Rightcoil:. x—x-%=B piia

27 T Hx—a/)t +ad

So the total field at a point x from the point between them is:

B_%Ma?[ 1 5 1 J
T2 l(x+a/2 +a)? ((x—a/2) + &)

b) Below left: Total magnetic field. Below right: Magnetic field from right coil.
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10 ; ; , _ 1.6

12210

- : - /

AN 5 ; 0.0
A DOTE 2O AR ) nEnn LRS00 0400 300 t.l..2lZJ[] k100 (i
: NI [ 1 1 J
c) Atpoint P,x=0= 5= i
2 (@2P a2 (Ca/2P+a)?
__mNEE (47" N
(3a*/4y* |5 a
A" W NE (4" 1 (300)(6.00 A
o Ba|=] B2 #B00)6.00A) 4 aomo T,
5 a 5 (0.080 m)

dB  pNIa' —3x+al2) L =3 2/2)
dx 2 l(x+a/2 4+ (x—a/2) +a")"

E B ,uoﬂag —3(af?2) —3(—af2) B
a2 [((afz)? v CAy “J ’
d'B _ u,NIz" -3 L B+ 2/ D5/2)
d 2 \(x+a/2P+ )T (x+af2) +a?)?
+ = p 6(x — af2)*(5/2)
(x—a/2 +a*Y"*  (x—a/2)" +a%)"?
d*B| %Nfa?{ -3 6(a/2)*(5/2) -3 6(—a/2)*(3/2) J
=7 = PRz 7 mam t 7 FRCTa 7 70702 |
dx | 2 (/2 +ay)"  (a/2) +2°) (a2 + 2" (a2 +a")

Since both first and second derivatives are zero, the field can only be changing very
slowly.

28.66: A wire of length ? produces a field B = ﬂ— % Here all edges produce a

el + (012

field into the page so we can jusl:add them up:
1

—a/2andi=b= B, = “J[Ji.
s e 4:?: (a,fz),f(afz) +(b/2) Y

x=bf2andl=a= B, =L : ﬁ[ij;
T o A T

And the right and bottom edges just produce the same contribution as the lefi and top,

respectively. Thus the total magnetic field is:
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B=2‘u°I [24_ a] 1 =2‘uof (2R

x S b JgQ-FbQ mab

28.67: The contributions from the straight segments is zero since dl % r=0. The
magnetic field from the curved wire is just one quarter of a full loop:

B :l[&f}
4\ 2R

and is out of the page.

28.68: The horizontal wire yields zero magnetic field since df x ¥ = 0. The vertical
current provides the magnetic field of HALF of an infinite wire. (The contributions from
all infinitesimal pieces of the wire point in the same direction, so there is no vecior
addition or components to worry about. )

B=l[&f}
2\ 2zR
and is out of the page.
3
28.69: 8) I = [ Jdd =[ arrdrds = a2n [ rdr = O
' T ] 3 27R
. - 3_[ a - 3_{ ¥og B ?‘3
b) (z)rgR::.fm_ﬁLr drda_ﬁzzjordr_fﬁ.
Bl B i e | BT |zl
:>_EI; Cal =LA = Mok SHy F:’ TR

o

@)r2R=1I =I=§B-dl =B2m =gl =l = B= -
e

2 2
-

28.70: a)r<a:»fm=I{%J=f[”—?]:j§3.df=szm=mm =#01['—?J

L a a

:>B=‘u°—‘r:.
2ra

Whenr=a, B= ;{E—‘J which is just what was found from Exercise 28.32, part (a).
a
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2 o
ol ¥l c _b

T r—p i =yt ek [ =
= §B-dl = Bamr =l -5 [=af | S |8 = | S}

ot —ht 2 | ¢t =B

i 2
b)b<r{c:fm=f—f[£J=;( v J

Whenr=58 B= 2&‘;, just asin BEx. Exercise 28.32, part (a), and at r =c, B =10, justasin Ex.
T

Exercise 28.32, part (b).

www.FreelLibros.me



28.71: Ifthere is a magnetic field component in the z-direction, it must be constant
because of the symmetry of the wire. Therefore the contribution to a surface integral over
aclosed cylinder, encompassing a long straight wire will be zero: no flux through the
barrel of the cylinder, and equal but opposite flux through the ends. The radial field will
have no contribution through the ends, but through the barrel:

0= §B dA-= 3‘33 dAd= [ B dA= |_ Bd4=B4,,-0=B =0

28.72:a) r<a=f__=0=B=0.

" (ALY (==Y 0 =dY)
b) aarab:}fmﬂ—f(A J_I(}r(bi—ag)]_f(bz—az)

a—+h
S 2 a4 5
:§B-d:=3hr=%fw33=ﬁw.
(b*—a”) 2o (B* —a”)

0) r b= loy=1 = §B dl = Bdur =l = B:S"i.

o

28.73:

/’ 3 “‘\

Illr" : I.r"/-— II' ~~\\\‘ .

= i &% _L_'{I |

\..\ \\‘--_'-J// "/,,"

. Apply Ampere’s law to a circular path of radius 24.
B(2xry=p, I,
=i L =3I/3
(3a)* —a’

= %%I, this is the magnetic field inside the metal at a distance of 2z from the
[

cylinder axis.

Quiside the cylinder, B = fof. The value of » where these two fields are equal is

£

given by 1fr = 3/(16a) and » = 164/3.

28.74: At the center of the circular loop the current I, generates a magnetic field that is
into the page—so the current J, must point to the right. For complete cancellation the two
fields must have the same magnitude
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Hol) #.:r[ 2
2D 2R

Thus, [, =21,

= G M Pt 21 a p?
28.75:2) I=[J-d A= =% L[]—g]ﬂi?‘dﬁ'zﬁ?ﬂ'ﬁ)[r‘—?}dr‘z

ar( ¥* ¥ 3 4Lfa* &
—_——— :>I=—|° ——— |= 1.
2 ?Jo =2 0

a'l 2 da
b) For r2a= §B-dl = Bl = ol = pol, = B =225

"

% =5 2 - 27 3
¢) For r<a= I =§J-dd="2 [ |1-17 |Fardo = =22z [| -2 | @
-4 c: 7 Ta

Fixs il

ar,( ¢ Y re ¥l
e S = i gy e
i W P ] ® ot 2a*

0

i 2
d) For r<a=§ B-dl= B2 = ul ., =2l r—(l-"—}

o2
1 2

et L

. 2a

I
Ab¥=aB= % for both parts (b) and (d).
brded

= B= ‘M"I‘;r
e

28.76: ) L,=[ J-dd-= j[ e MJ rdrd® = 2b [ e odr = 2ab6 7Y =

0

2abs(1 — e ™y = I, = 2u(600 A/m) (0.025 m) (1 — &%y =81 5 A
b) For r2a= §B-dl = B2 = ol ., = iod, = p=tbls

2
0) r<a=I()=[J-dd-= j(ﬁ,ef"“’”"’j v ds
¥

= 2b[ 70 dr = 2b e "

0

via
= I(r) = 2xbS(e” T ™) = 2mb e (e — ) I(r) = [ —— e -l

( ald 1)
o g | LiEe”® =1
d) For r<a=> §B-dl = B2 = ol = fil, E - 1; = B ?m(iﬂfﬁ 1)).
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e) At r=6=0025m=B= P‘ofo(‘ja_ )  #BL3A) mgio—ml)
2(e®’® — 1) 27(0.025 m) ("2 — 1)

=1.75%107 T.
oy @7 =1) 815 A)

Atr=a=0050m= B = = =3.26x107" T.
2ra (¥ —1)  2x(0.050 m)
I 81.5 A
Kb Gl i Beln, Pl ) 1632107 T,
2 2x(0.100 m)
pola’ tof 1
WIH | Bdv=]| —% S0 o g
En ¥ -E'Q(.x?' | @ty 2 J:'((x/'cz)?' [fen p (xia)
w2
gk dz w o pd pri ;i _
—; TJ‘_OQW =2 I_meax = TJ‘—;;q’?COS&ig_ T(Smg)_m = #CII'J

where we used the substitution z = tan 8 to go from the first to second line. This is just
what Ampere’s Law tells us to expect if we imagine the loop mns along the x-axis
closing on itself at infinity: §§ ol =y,

28.78: EI;E di=0 (no currents in the region). Using the figure, let B = Bof for
v<0and B=0for yv>0.
[B-df=B,L-B.L=0,
abods

but B ,=0.8,L=0,but B, # 0. This is a contradiction and violates Ampere’s Law. See
the figure on the next page.

28.79: a) Below the sheet, all the magnetic field contributions from different wires add
up to produce a magnetic field thar points in the positive x-direction. (Components in the
z-direction cancel.) Using Ampere’s Law, where we use the fact that the field is anti-
symmetrical above and below the current sheet, and that the legs of the path

perpendicular provide nothing to the integral: So, at a distance @ beneath the sheet the
magnetic field is:
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Imdan{::[B-d?:Bﬂ,zyonﬂszzﬂ,

in the positive x-direction. (Note there is no dependence on a.)

B

|IJ &) (o) (_a} (._)- ®] D_)|

[+

b) The field has the same magnimde above the sheet, but points in ths negative x-
direction.

28.80: Two infinite sheets, as in Problem 28.79, are placed one above the other, with
their currents opposite.

#
[(& & () () (& (& (3

—_ =

I

——

[0 0 W XWX ®
R

a) Above the two sheets, the fizlds cancel (since there is no dependence upon the
distance from the sheets).

b) In between the sheets the two fields add up to yield B = x,#7, to the right.

c) Below the two sheets, their fields again cancel (since there is no dependence upon
the distance from the sheets).

28.81: M, =(u, .. )#Featoms/m™) = (n, .. N, (#Femoles/m”)

i p}"e MFemmol(Fe)
= M_ = N,——= = =fe_me . o
e (#ah:\mof}"c) A mml (Fe) .Iuahomof fe NAPFE
N B (6.50 x 10*A/m)(0.0558 kg /mol)
L (6.02 x10™ atoms/mol)(7.8 x10” kg/m’)
=7.72%x107% A m®
7.72%107% A. m?
=0.0833..
927107 A m " ” =

= JuabomofFe b

28.82: The microscopic magnetic moments of an initially unmagnetized ferromagnetic

material experience torques from a magnet that aligns the magnetic domains with the

external field, so they are attracted to the magnet. For a paramagnetic material, the same
www.FreelLibros.me



atfraction occurs because the magnetic moments align themselves parallel to the external
field.

For a diamagneiic material, the magnetic moments align anti-parallel to the
external field so it is like two magnets repelling each other.

b) The magnet can just pick up the iron cube so the force it exerts is:

FF

=]

=m. g=p.ag=(T8x10" kg/m"*)0.020 m)*(9.8 m/s") = 0.612 N.

B 0.612 N
But B, — B2 i B ,

a i IuFe
So if the magnet iries to lift the alumimim cube of the same dimensions as the iron
block, then the upward force felt by the cube is:

=B _Pagernn-Kugern N:%oﬁlz N=437x107* N.
i

.IuFe Fe

But the weight of the aluminum cube is:
W=m,g=p,ag=(2.7%10" ke/m")(0.020 m)*(9.8 m/s*) = 0.212 N.

So the ratio of the magnetic force on the alumimim cube to the weight of the cube is

4'3;_;11§;N =2.1»107*,and the magnet cannot lift it.

c) If the magnet tries to lift a silver cube of the same dimensions as the iron
block, then the DOWNWARD force felt by the cube is:

B K - -
g, 24P Pas g ey e g g H00—26%10 7)o
i .IuFe Fe ]400
=437%x107* N.

But the weight of the silver cube is:
W=m, g=p,a g=(105%10" kg/m*)}0.020 m)* (9.8 m/s*)= 0.823 N.

So the ratio of the magnetic force on the silver cube to the weight of the cube is

43721070
08231

=35.3x107, and the magnet’s effect would not be noticeable.

28.83: a) The magnetic force per unit length between two parallel, long wires is:

2 2 2
S =ﬁ[f_o} zﬁ[ﬁ] zﬁ[&]
L 2rd 2md\ 2 ) 4md\R) 4md | RC)’
where ~ is the rms current over the short discharge time.

7
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2 2 2
a=7\,a=—'u° &] :>a=7#°Q°Q :>v0=at=aRC=7‘u0Q° I
4dR*C* dmdRC

_wCVY gt #4,(2.50 x 107 F) (3000 V)’

40 dRC  40dR  4x(4.50x107 kg/m)(0.03 m)(0.048 Q)
c) Height that the wire reaches above the original height:
2

vy (0.347 m/s)’
2g  2(9.80 m/s?)

b)

= 0.347 ms.

%mv()?:mgh:)h: =614%107° m.

28.84: The amount of charge on aleneth Ax of the belt is;

AQ =LAxa :>I=£=Lga =Lvo.
Af Af

Approximating the belt as an infinite sheet:

leu.;fzyavaj
2L 2

out of the page, as shown at left.

20rdr

a?

28.85: The charge on a ring of radius ris g = ad = g2mdr = . If the disk rotates

at u muns per second, then the current from that ring is:
78
Ag _ ng = 2Qn?rdr gL _ &2Qn:’dr N ,uongdr‘.
Fi¥s a 2r 2y a a
So we integrate out from the center to the edge of the disk to find:

B J:dB i L #of;?Qd?‘ - #onQ_

e

28.86: There are two parts to the magnetic field: that from the half loop and that from the
straight wire sepment running from —ato a.

; 1 ruofa?
Bx(rmg)=58m :_W
I S
dB, (ring) = dB sin @ sing = - dl X ng Aulmsing d¢

dr (P +a) (< +a") " S dr(xE+ 2P
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i

o e .7 thlacsingdg tiglax
= B (ring)= L dB (ring) = L 4&'(12 5 az)m — 4??(.762 . )3!2 cosg

o
Holax

2r(x?+a®)

el . ;
B (rod) = — =% ___ using Eg. (28.8). So the total fisld componenis are:

?.mfx’-ra)}]'”
_ Hola’
AT+
and
B s #Ofa [1 s ‘x? ] - Iuofas
¥ Qﬁrx(.x? -+ aQ)u? 2 g 2mc(.7c'E + a.?')m :
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29.1: ®©, =NBd,and @, = NBA co337.0°= AD,, = NBA(l - o3 37.0°)
AD,  NBA(l- cos37.0°)

e =
At At
_ (80)(1.10 T)(0.400 m)(0.25 m)(1 — cos 37.0°)
= 0.0600s
= le|=29.5V.

29.2: a) Before: ®, = NBA = (200)(6.0x107° T)12x 10~ m")
=144 %107° T-m?; after : 0
NB4 _ (200)(6.0x107° T)(1.2x 107" m*)

AD
b) lgf=""%= —BETHE
A At 0.040 s
AD
20.3: a) = L [Q]R:;»QR NBA:Q_NBA
At At At

b) A credit card reader is a search coil
c) Data is stored in the charge measured so it is independent of time.

20.4: From Exercise (29.3),
_ NB4 _ (90)(2.05 T)(2.20 x 107 m*)
R 6.80£2+12.00

=216%x107 C.

20.5: From Exercise (29.3),
NBA4 i PR (3.56x 107 C)(60.0 2+ 45.0 Q)

B ! i —0.0973T.
NA (120)3.20x10™* m?)

Nd©
dt

— &= NA ((0.012 T/s)+ (1.2>< 107 T /s ))

=0.0302 V + (3.02 %107 V/s* )"

20.6: a) &= —NA—(B) ((0012T/s)t+(3 00107 T/s* %)

b) At t=5.0058= £=0.0302V + (3.02x10™ V/5")(5.00 5)" = +0.0680 V

s 2 BOSOV 4 g0 o= a
R 6000
20.7: a) = “P2_ % |pup (1 cos[z;ﬁj - GGk, sm[z’”jfor
di T 7 7

0 <t < T;zero otherwise. .
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IO WL
2

27NAB, T 37
c) £, =———occusatt=—and f=—.
T 4 4

d) From 0 <¢<Z, B is getting larger and points in the + z direction. This gives a
clockwise current looking down the — z axis. From %t < T, B is getting smaller but still
points in the + z direction. This gives a counterclockwise current.

2.8 a)|e|=|%e

=5 (B4
4B d -
£ . |= Adsin60° = 4 sin 60° 14T —0.057s7"t

= (" )(sin 60°)(1.4 T)0.057s~ )8—0.05?5'%
=m{0.75 m)?(sin 60°)(1.4 T)(0.057 5—1)8_0_05”-1,
=012V E—O.OST 27t
b) e o =l(0.12 V)
10 10

%(0.12 V)=0.12 V 2%

In(1/10)=—-0.057 s7't - £ = 40.4s
c) Bis getting weaker, so the flux is decreasing. By Lenz’s law, the induced current

must cause an upward magnetic field to oppose the loss of flux. Therefore the induced
current must flow counterclockwise as viewed from above.

P
2

Z
.
\\

A . S
| .

| ]|l find

299: a) c=2mand A=m sod=ctidr
D, =Bd=(B/4x)*
o, [3] de
== e
dt 2r) |dt
At£=9.08,¢c=1.650m — (9.05)(0.1205) = 0.570 m

le] = (0.500 T)(1/27)(0.570 m)(0.120 m/s) = 5.44 mV
b)
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T

| X X %)
N\ x B X /
i S Flux ®is decreasing so0 the flux of the induced

current
@, is @ and 7 is clockwise.
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29.10: According to Faraday’s law (assuming that the area vector points in the positive z-
direction)
AP 0-(5T)x(0.120m)* _

f=———= = + 34 V(counterclockwise)
Af 202107 s

29.11: ©, = B4 cos ¢; ¢ is the angle between the normal to the loop and B, s0 ¢ =153°

¢ = ‘d:;s — (4 cos $)(dB | df) = (0.100 m)? cos 53%(1.00x 107 T/s) = 6.02x 10 V
29.12: a)

do, d . .
le| = = E(NBA cos ax)= NBA @ sin w¢ and 1200 rev /min = 20 rev/ s, so:

Lrid
= &= NBAw= (150)(0.060 Tyr(0.025 m)* (440 rev /min)(l min / 60sec)(2 rad /rev) = (.81

b) Average ¢ = ggm =£0.8]4 V=0518V.
T i

29.13: From Example 29.5,
_ 2NwB4d 2(500)(56rev/s)(2x rad/rev)(0.20 T)(0.10 m)*

Eu =24V
T brd
do d ;
29.14: 5 =— 4 :_E(NBA cosax) = NBdow sine = £, = NBdw

-
£ 240 x107° 'V A s

w o =
NB4  (120)(0.0750 T)(0.016 m)®

20.15:

s
Induced £
&

.‘}lﬁ dzereusing

¥
Clinzage B

29.16: a) If the magnetic field is increasing into the page, the induced magnetic field
must oppose that change and point opposite the external field’s direction, thus requiring a
counterclockwise current in the loop.
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b} If the magnetic field is decreasing into the page, the induced magnetic field must
oppose that changze and point in the external field’s direction, thus requiring a clockwise
cwrent in the loop.

c) If the magnetic field is constant, there is no changing flux, and therefore no
induced current in the loop.

29.17: a) When the switch is opened, the magnetic field to the right decreases. Therefore
the second coil’s induced current produces its own field to the right. That means that the
current must pass through the resistor from point z to point 2.

b) If coil B is moved closer to coil 4, more flux passes through it toward the right.
Therefore the induced current must produce its own magnetic field to the lefi to oppose
the increased flux. That means that the current must pass through the resistor from point &
to point «.

c) If the variable resistor R is decreased, then more current flows through coil 4, and
so a sironger magnetic field is produced, leading to more flux to the right through coil 5.
Therefore the induced current must produce its own magnetic field to the left to oppose
the increased flux. That means that the current must pass through the resistor from point b
to point. .

29.18: a) With current passing from 2 — b and is increasing the magnetic, field
becomes stronger to the left, so the induced field points right, and the induced current
must flow from right to left through the resistor.

b} If the current passes from » — @, and is decreasing, then there is less magnetic

field pointing risht, so the induced field points right, and the induced current nust flow
from right to left through the resistor.

c) If the current passes from b — o, and is increasing, then there is more magnetic
field pointing right, so the induced field points left, and the induced current must flow
from left to right through the resistor.

29.19: a) @, is @ and increasing so the flux @ _, of the induced cwrrent is clockwise.
b) The current reaches a constant value so ®, is constant. 4@, / d¢t = 0 and there is

no induced current.
c) ®, is © and decreasing, so @, is @ and current is counterclockwise.

29.20: a) £=vB!=(5.0m/s)(0.750 T)(1.50 m)
=56V

b) (i)
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i+ -

Let g be a positive charge in the moving bar. The
magnetic force on this charpe F = g » B, which
points upward. This force pushes the current in a
counterclockwise direction through the circuit.
(ii) The flux through the circuit is increasing, so the induced current must canse a
magnetic field out of the paper to oppose this increase. Hence this current must flow in a
counterclockwise sense.

Find

e
.
&
c) g=Hi i
T e
R 250

29.21: [vBL]= [%Tm} - E Cﬁzm} - {N?m} - E} = [v].

20.22: a) £=vBL =(5.00m/5)(0.450 T)(0.300 m)=0.675 V.

b) The potential difference between the ends of the rod is just the motional emf
F=0675V.

c) The positive charges are moved to end 2, so b is at the higher potential.
A 0.6?5\/:225'\[

d) E=r = Y
L 0300m m
e} b
L R S AN . (S
BL  (0.850 T)(0.850 m)
0.620V
b e = 0.827 A.
R 07500

c) F=71LB=(0.827 A)0.850 m)(0.850 T)=0.5398 N, to the lefi, since you must
pull it to get the current to flow.

29.24: a) £=vBL = (7.50 m/s)(0.800 T)(0.500 m)=3.00 V.
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b) The current flows counterclockwise since its magnetic field must oppose the
increasing flux through the loop.
¢) F=ILB= .8 - (3.00 V)(0.500 m)(0.800 T)
R 1500
d) P, =Fv=(0.800 N)7.50 m/s)=6.00 W.
£ (3.00V)
R 1.50 02

=0.800 N, to the right.

o= = 6.00 W. So both rates are equal.

29.25: For the loop pulled throush the region of magnetic field,
a)

2

£

g I 0 L 2L
b)

BL BRI’
Where & =vBL=IR = I, =VTandF0 s Fe 2 ¢

29.26: a) Using Equation (29.6): £=vBlL. = B = o 04307 =0.833T.
vL  (4.50m/ )(0.120 m)
b) Point z is at a higher potential than point b, because there are more positive
charges there.

P L] d g df —
2027 £ = 5 =" (Bdr=" W)= u.nd—andd E-dl ==
= (Bd) = (uyld) = pgnd — §

o™ o Htll, Dovdl
2mr 2m dt 2 dt
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(900 m™ )(0.0050 m)
2
b) »=1.00cm = E=339x10" V/m.

a) r=050cm= E=%2 (60 Afs)=170%10" Vjm.

29.28: a) Dy 4. ) L
dt dt dt

b) E= 1 d(bﬁzm‘lgﬁziﬁ_
2o ot 2modt 2 ot

b

c) All the flux is within » < R, 30 outside the solenoid
1 40, &'dB_R'dB
2, dt 2w, i 2r, di

E=
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d)

Ly
i IS "
e) At r=R/2:
db
N /2 R* B
Erid 4 4t
dd
f) Atr=R= = I
dt
do, 2 dB

) Atr=2R= ¢ = =R ) Note that the emf is independent of the distance

from the center of the cylinder as long as one is outside it.

29.29: a) The induced eleciric field lines are conceniric circles since they cause the
cuwrrent to flow in circles.
B B 1 1 1 db, 1 AdB—iﬁzo'mom(O.OSSOT/s)
Z:z'r T A&t 2w & 24t 2
= E=175=210"V /m, in the clockwise direction, since the induced magnetic field
must reinforce the decreasing external magnetic field.

fdB  x(0.100 m)’
of g2 B 28R v pires oot A
RO R & 4000

(2.75% 107 A)4.00 £2)

2
e) If the ring was cut and the ends separated slightly, then there would be a potential
difference between the ends equal to the induced emf:

s=m" %: 7(0.100m)"(0.0350 T /5)=1.10 x107° V.

=550%107% V.

d) s=IR=IR, |2~

4 :
29.30: s=—_5 =£(BA)=£(;JOHL€I)=;10M£ a _E 2w
dt dt dt  dt pnd
-6
_ 4l _(8.00x10 _':\ffm)Z:r(O.OBSQO) _921A/s
di 4, (400 m™ )r(0.0110 m)
29.31: a)

W= jﬁ-d? =gE2mR = (6.50% 107 C)(8.00 %107 V/m)27(0.0350 m)=1.14 x 107" 1.
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(b) For a conservative field, the work done for a closed path would be zero.

(©) §E O R T e e
dt dt
For a circular path:

FE2mr = BA% = constant for all circular paths that enclose the solenoid.

S0 W = gE2m =constant for all paths outside the solenoid.
W =114x10"" Jif »=7.00 crn.

NA(B, - B,
29.32: g:—NA(DB:_ (B, J):NAIUGHI
i A Af
4, (12)(3.00 x 107 m*)(9000 m™ )(0.350 A)

0.0400s
= £5=9.50x107" V.

29.33:7, =gdzﬁ =(3.5x 107" F/m)(24.0x10° V-m /s )’

i, =21%107 A givest=3505s

o =12
29.34: According to Eqn.29.14 £ =2 = L Uy .
[dCDE] 4(8.76x10° V-m/ 5')(26.1 10~ 5)

dr
2.07 x 107 F/m. Thus, the dielectric constant is K == = 2.34.

*a

29.35:a) j, =50£= LI %: 557 A /m®
dt g4 A 7(0.0400 m)
; 2
by 9E_Jn _SSTA/M oo 0%y ims
dt g £y

c) Using Ampere’s Law

rif B Ty o BOIOOML wuuis mi i

T i 2
2 R 27 (0.0400 m)
d) Using Ampere’s Law
Hyr . Hy (0.0100 m)

ip= 0.280)=3.5%x107"T.
o ? o (0.0400m)?( )

r<R:B=
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=599x10™" C.

S .
29.36: ) O=CV = 4 V:(4.?0)£0(3.00x10_3m (120 V)
d 2.50%10° m

b) e i =6.00%107 A,
ar

dE i i v
¢) j,=8—=Ksz E _=L=7F =i, =7 =600x10" A
g, jD df OKSOA A jc D Pl
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29.37:a)g =i ¢=(1.80% 107 A)(0.500%107° 5)=0.900x107 C

_a
p-2_ 4 0 C _, 08100 Vim.
g Asg, (5.00x107 m")s,

=¥ = Ed = (2.03x10° V/m) (2.00x 107 m) =406 V.
-3
by 1.80%107° A

e . ———=4.07%10""V/m-s, and is constant in time.
dt  ds, (5.00x107m )g,

C) jo=¢& % = £,(4.07 x10" V/m-5)=3.60 A/m"

=i, =j,Ad=03.60A/m")(5.00x10* m")=1.80x10"A, which is the
same as i..

-8
2938 4 Begr=B WX S0RS) oy g,
4 21x10° m

b) @_i[g}ﬁg_zoxm—sm

. 4000 4/5)= 38 ¥/m s,
% @lalaa 2o /s) s

ey 3y =50%=50(38 Vis-g)=34%10™ 4/m"°.

d)i,=j,d=34x10™"" A/m*) (2.1x107° m*)=7.14x107° A
ol 4 (7.14%107° Ay
27 27(0.060 m)

Fi
negligible coniribution. B, = by, o, Q0%
2w 27 (0.060 m)

=5 2.38%x107% T, and this isa

=533 x107 T.

29.39:In a superconductor there is no internal magnetic field, and so there is no changing
flux and no induced emf, and no induced electric field.

—_— —

0=§Md;m?ial B-dl = pol = U+ 1)=pd =1 =0,

and so there is no current inside the material. Therefore, it must all be at the surface of the
cylinder.

29.40:Unless some of the regions with resistance completely fill a cross-sectional area of
a long type-II superconducting wire, there will still be no total resistance. The regions of
no resistance provide the path for the current. Indeed, it will be like two resistors in
parellel, where one has zero resistance and the other is non-zero. The equivalent
resistance is still zero.

29.41: a) For magnetic fields less than the critical field, there i3 no internal magnetic
field, so:
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B, (01307 _
Ha B Ha B
Outside the superconductor: B=B = (O.ISOT)I?, M =0.

b) For magnetic fields greater than the critical field, y =0= M =0 both inside

and outside the superconductor, and B=RB= (0.260 T)f , both inside and outside the
superconductor.

Inside the superconductor: B= 0, M=-— —(1.03x10° Ajm)f.

20.42: a) Just under B. (threshold of superconducting phase), the magnetic field in the
— B 55% 107 Ti -
material must be zero, and M = - —— = a L2 E (4.38 % 10% A/m)i.
Hy Hy
b) Just over Ec? (threshold of normal phase), there is zero magnetization, and

B =B, = (50T

29.43:a) The angle ¢ between the normal to the coil and the direction of Bis 30.0°.

do,

| 5]= = (Nm*)dB/diand I =| s |/R.

For ¢ <0and ¢ >1.00s,dB/di=0,| s|=0and [ = 0
For 0 <¢<1.00s,dB/dr =(0.120 Tz sin xt
| & = (Nrr? (0120 Thsin ¢ = (0.9475 V) sin zt

R for wire : R, :%:&2; p=172x107"Q-m, » = 0.0150x 107 m
e

L=Ne=N2m =(500)(2r) (0.0400 m)=125.7 m
R, =3058 £2 and the total resistance of the circuit is
R=3058 Q2 + 600 &2 = 3638 2

f =g/ R=(0.259 mA)sin 7t

(L3 pt

(154 Ly

\R R %
- B increasing so @ is © and increasing
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@, is®so0/ isclockwise

29.44: a) The large circuit is an RC circuit with a time constant of
r=RC=(100)(20x107F) = 2004s. Thus, the current as a function of time is
- 100V o Mm
100
At ¢=200zs, we obtain i=(10A) (¢ ')=3.TA.
b) Assuming that only the long wire nearest the small loop produces an appreciable

magnetic flux through the small loop and referring to the solution of Problem 29.54 we
obtain

el

&

+a f,ih 17)
:J‘C *uﬂ_zd,,-:’uo_zm(l_‘_i)

c 2 2 c

So the emf induced in the small loop at ¢ = 20045 is

g iR AP " In (3.0) (-

& o d . 00X 105
0.8l mv

Thus, the induced current in the small loop is i'=£ = TR T S LA

db #Obm(1+gjdi (4 %107 75) (0.200 m) 37A

C

c) The induced current will act to oppose the decrease in flux from the large loop.
Thus, the induced current flows counterclockswvise.

d) Three of the wires in the large loop are too far away to make a significant
contribution to the flux in the small loop—as can be seen by comparing the distance ¢ to
the dimensions of the large loop.

29.45: a)

]

B(T) (4 -~

XY

0.5 L0 15 045
b)
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)

s 15 sy

g _1,,d8_ 1 ,dB rdB_ (0.50m)080T

ghE = =—NA—=— =04 V/m.
N2m 2w & 2m dt 2 at 2 0.505
29.46: ) I=£=ld®3 =ld(BAcosa)t)=BA&Jsina)t_
R R d& R di R
S U I RN
B PRt R O S
R
BA asinex
c =ld=
) 4 =
T2 = 2
d) rzyBsingzizﬂBsinaszAm‘;%Gx.
LI A R
e) P=r&)=m%ax,which is the same as part (b).

2947: a) @, = Bd =100 gyt = £

2a 2

B el OB g, Ol MRy B g

dt drl 2 2 dt dt
¢) Solving d—_‘* FTE i) yields i) = iye U,

i iy
d) We want i(£) =1, (0.010) =ie " = In(0.010) = — # 2R/ g1, 72)
T L L W e e (e
2R 2(0.10 )

e) We can ignore the self-induced currents because it takes only a very short time for
them to die out.

29.48: a) Choose the area vector o point out of the page. Since the area and its
orientation to the magnetic field are tined, we can write the induced emft in the 10 cm
radius loop as

o P —2(0.10 m)* % =107*[(20.0 V) — (4.00 V/5)¢]

dt fdt !
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After solving for % and integrating we obtain

B.(t=2.003)— B,(t=05)=—

10° jQ [(20.0 V) - (4.00 V/s)¥]dr.

(010 m)? %0

Thus,

107 m™

B, =(-0.800T)— [(20.0V) (2.005) - (2.00 V/s) (2.005)*|=—0.902 T

b) Repeat part (2) but set £ =—(2.00x107 V) + (4.00% 107 V/s)t to obiain
B, =—0.6%T

c) In part (a) the flux has decreased (i.e., it has become more negative) and in part (b)
the flux has increased. Both results agree with the expectations of Lenz’s law.
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F:)

dr

29.49:a) (i) | £ |= ‘d

4
{ i

Consider a narrow strip of width dxand a distance x from
the long wire.
The magnetic field of the wire at the strip is B = g7 /2xx.
The flux through the strip is

d®, = Bbdx = (u, I/ 2m) (dx/x)

,UOR)JJ-I-mﬁ

The total flux through the loopis ©, = deDB = [ 5
z

o, =(‘u°3b]ln (r+a]
27 ¥

ad, _dtbaﬁ_,uofb[_ 2 J ,
r{

& X

dt dt d&t 2x r+a)
ne Holabv
2m(r + )

(ii) £= Bvl! for a bar of length ! moving at speed v perpendicular to magnetic field
B

12

The emf in each side of the loop is
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£ = L‘f Vb
Plortray)

5, =5,=0
Both emfs g, and &, are directed toward the top of the loop so oppose each other.
The net emf is

g:ﬁ_%:%fvb[l_ 1 ]: tylabv

27 \r r4+al 2mir+a)
This expression agrees with what was obtained in (i) using Faraday®s law.

b) (i) Bis®. @ _ is @ and decreasing, so the flux @, of the induced cwrrent is
® and the current is clockwise.

(i)
serment | serment 2
- R 1 = - 1
X |+ X |
b B

B is larger at segment 1 since it is closer to the long wire, so F is larger in
segment 1 and the induced current in the loop is clockwise. This agrees with the direction
deduced in (i) using Lenz’s law.

c) when v =0 the induced emf should be zero; the expression in part (a) gives this.
When ¢ — 0 the flux goes to zero and the emf should approach zero; the expression in
part (a) gives this. When » — o the magnetic field through the loop goes to zero and the
emf should go to zero; the expression in part (a) gives this.

29.50:a) Rotating about the y —axis:
_do,

£ = @Bd = (35.0 rad/s) (0450 T) (6.00 x 10" m) = 0.945 V.

max

b) Rotating about the x — axis: dzﬁ =0=:=0

c¢) Rotating about the z— axis :

_ %% _ pa—(35.0 rad/s) (0450 T) (6.00 % 10™2m) = 0.945 V.

max
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29.51: From Example 294, : = w B4 sin wt; 5, = wBA
For N loops, ¢, = NwB4
N=400,B=15T, 4=(0.100 m)*, &__ =120V
& =&/ NB4=(20rad/s) (1rev/2x rad) (60 s{1min) =190 rpm

29.52: a) The flux through the coil is given by NBA cos(aex), where N is the number of
mirns, B is the sirength of the Earth®s magnetic field, and @ is the angular velocity of the
rotating coil. Thus, £ = w NB4 sin{ax), which has a peak amplitude of 5, = w NBA.

Solving for 4 we obtain
F3 9.0V 2

o

A= = =18
@NB (30 rev/min) (1 min/60s) (27 rad/rev) (2000 aurns) (8.0 107°T)

b) Assuming a point on the coil at maximum distance from the axis of rotation we
have

2
V== £w= SOy (30 rev/min) (1 min/60 ) (2 rad/rev) = 7.5 m/s.
i
AD o : §
36.55; af g B, gid_ g O =(0.950T)M=O.0126V
Fits Fi¥s Af 0.250 5

b} Since the flux through the loop is decreasing, the induced current must produce a
field that goes into the page. Therefore the current flows from point @ through the
resistor to point & .

29.54: a) When [=i= B =$, into the page.
Fre g

b) dd, = Bdd = 2 par.
2mr
L2 HyiL
o @, =[ db, ="
) P 'L 7 27 Jj ¥ 2
b, ul di
— = ]_[] b TN
3 g hbe g

44,0240 m)
= x

dr  uil
e N

d) £
e) & 1n(0.360/0.120) (9.60 Afs) = 5.06 x 107" V.

29.55: a)
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-
X xTx I
s 4 —:i
MooW | ¥ ® ™
l H

£=VBL=IR:>I=%,andF—FB =F-IB=ma

w 1l mR

(F — ILB] F vB'L
—Sa=| ————
dv F BUY 72 : ; ;
L E =it)=v, (] S f”"'“) where v, is the terminal velocity

E a i i
calculated in part (b).
Lo
(80
060

normalized veloeity

(b4

20

O :
1 | (M TN EXI] 00 A0 .00

ot lzed time

b) The terminal speed v, occurs when the pulling force is equaled by the magnetic

LB 18"
force: FB=LLB=[V'R JLB:”’ =F:>v,=%.

29.56: The bar will experience a magnetic force due to the induced current in the loop.
According to Example 29.6, the induced voliage in the loop has a magnimde BLv, which
opposes the voltage of the battery, 5. Thus, the net current in the loop is [ = £22. The

B APy (r— BIV) EF
m - mi

acceleration of the bar is @ = £ =

a) To find w(#), set & = @ = “=2212 and solve for v using the method of separation

of variables:
.[:L: rﬁdﬁ oy = i(] o) e%’): (10 m/,)s) i e‘m)_
(¢ —Biv) “"mR BL
Note that the graph of this function is similar in appearance to that of a charging
capacitor.

b) [=g/R=24A;F=ILB=28%N;a=F/m=32m/s"
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c) When
_[12V-(1.5T) (0.8 m) (2.0 my/s)] (0.8 m) (1.5 T) =2.6m/s’

v=20ms, a
B (0.90 kg) (5.0€2)
d) Note that as the velocity increases, the acceleration decreases. The velocity will

asymptotically approach the terminal velocity 2> = % =10m/s, which makes the

acceleration zero.

20.57: s=Bv;B=8.0%x10"T,L=20m
Use Z F = ma applied to the satellite motion to find the speed v of the satellite.

2
Gl =400 %10 m+ K

2
s s

lG
V=B = 7,665 % 10° m/s
¥

Using this vgives £ =1.2V
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29.58:  a) According to Example 29.6 the induced emfiss = Biv= (8x107°T)
(0.004 m) (300 m/s)= 964 V =~ 0.1 mV. Note that L is the size of the bar measured in a

direction that is perpendicular to both the magnetic field and the velocity of the bar. Since
a positive charge moving to the east would be deflected upward, the top of the bullet will
be at a higher potential.

b) For a bullet that travels south, the induced emf is zero.
¢) In the direction parallel to the velocity the induced emf is zero.

29.59:  From Ampere’s law (Example 28.9), the magnetic field inside the wire, a
distance r from the axis, is B(r) = g, Ir/27x R®.

dr

Consider a small strip of length W and width & that
is a distance r from the axis of the wire,
The flux through the strip i3

I
d0_ =B(rWV dr= rdr
=B 2R’

The total flux through the rectangle is

WY w
®,=[d0, ={§°}ﬁ2 ]L rdr= ’f“:ﬁ

Note that the result is independent of the radius R of the wire.

29.60: a) ®, = Bd= B (1- 3t/4) +2(2/2,)).
2
bye=— %: — Bomfga ~3(s/1,)" + 2t/1,)) = —B"'rﬂ<— 6(t/1,)+ 6(t/1,)°)

0
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2 2
:>£=—63ﬂ= [iJ —[i] soat t=5.0%107s,,
t % %

2 g0 N -1
o 6B,7(0.0420 m) {(5.0 %10 sJ _ {5.0 10 SH T ——

0.0105 0.010s 0.0105
&) =t SRk W= By DD o g 50
B : 3.0x107 A

d) Evaluating the emfat z=1.21x107" s, using the equations of part (b):
2= 0.0676 V, and the current flows cloclowise, from & to z through the resistor.

2
e)g:ﬂ:ﬂ:[[iJ _[iﬂ:n:i:n:q,:o.ows.
tO fﬂ tO

2.61: a)ds = (7 x B)- dF =vBdr = g :gﬂj““ﬁsﬁ’m[d +L}
2y P A 2 d

b) The magnetic force is strongest at the top end, closest to the current carrying wire.
Therefore, the top end, point @, is the higher potential since the force on positive charges
is greatest there, leading to more positives gathering at that end.

c) If the single bar was replaced by a rectangular loop, the edges parallel to the wire
would have no emf induced, but the edges perpendicular to the wire will have an emf
induced, just as in part (b). However, no current will flow because each edge will have its
highest potential closest to the current carrying wire. It would be like having two batteries
of opposite polarity connected in a loop.

29.62: Wite A Px B=0= 5=0.
Wire C: 5 = vBE sin ¢ = (0.350 m/s)(0.120 TY(0.500 m) sin 45° = 0.0148 V.
Wire
D:& = vBL sin ¢ = (0.350 m/s)(0.120 T)~/2(0.500 m) sin 45° = 0.0210 V.

29.63: a)dg=(ﬁXE)-dF=w3dr:>e=j"w3dr=%w1?3
0

_ (8.80rad /sec)(0.24 m)’ (0.650 T)

2
b) The potential difference between its ends is the same as the induced emf.
c) Zero, since the force acting on each end points toward the center.

=0.164 V.

AV

center

&
=$=0.0410v.
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29.64: a) From Example 29.7, the power required to keep the bar moving at a constant

[T _ o’ _ (B @2 TIR00 mfE”
velocity is P=-—F—= R=+—7-= o = 0.090 L.

b) For a 50 W power dissipation we would require that the resistance be
decreased to half the previous value.
c) Using the resistance from part (a) and a bar length of 0.20 m

_ (B _ [(0.25T)(0.20 m)(2.0 mys)]’

P = =0.11W
R 0.090 0
7 2
S ] Fmh B8 s . R
R R
b)
B2 ' 22 e
F=ma=mﬁ=v8a :bfdv:Ba J‘dt’::>v=voe_”:§"j’"m=ﬁ:>
at R vy mR Yo ar
J-xdx;= " J‘me_ffjraz,,'mﬂ)dr, AT mRv, _ E_HEB?G]J'{JHR‘.I % ol mRv,
o o Bt " PRl

29.66: 2) &= (¥ x B)- L = (4.20 m/s)i x ((0.120T)f - (0.220T)} - (0.0900 T)k)- L
=e= ((0.3?8 V/m)j- (0.924 v/m)é)- ((0.250 m)(cos 36.9% + sin 36.9° j))
= & = (0.378)(0.250) sin. 36.9° = 0.0567 V.

Y4 +
do
29.67: Atpoint a:5= B=A£=ﬁr2§andF=qE=qi=£@, to the
dt dt df 2m 2 di
left. At point & , the field is the same magnitmde as at a since they are the same distance
gqr db

from the center. So £ = B but upward.
t

At point ¢, there is no force by symmeiry arguments: one cannot have one
direction picked out over any other, so the force must be zero.

dD,
dr

29.68: §E -al =
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If B =constant then dzﬁ =0, 50 fE al =0.

|, E -dl=E,L-E,L=0buE,=0s0E,L=0.

But since we assumed £, = 0, this coniradicts Faraday’s law. Thus, we can’t have a

uniform eleciric field abrupily drop to zero in a region in which the magnetic field is
constant.

-

s e R s

29.69: At the terminal speed, the upward force F, exerted on the loop due to the induced
cwrrent equals the downsward force of gravity: F, = mg

£=Bvs,I=Bvs/Rand F, =IsB = B%s"v/R

BQSQVT mgR
B

=mgand v, =

m=p ¥V =p (4)w(d!2) = p,7sd”
R _pL ppds 16p,s

4 imdt  mdt
Using these expressions for mand R gives v, = lﬁpmpﬁg/BQ

29.70: fl; B-di=0 (no currents in the region). Using the fisure, let
B=B,ifory<0andB=0fory:>0.

Lm B-di =B,L— B ,L=0,

but B, =0. 5,L=0,but 5, # 0. This is a confradiction and violates Ampere’s Law.
See the figure on the next page.

M.
i - o B =0

e e ]

i

RN ety R ih B0
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W 5 jmtet R V@ @
A AR ddp dp Cdp Ks ddp
and
Kl
Re=E B e
4 d
e D e __ Do ke
Kepdp Keggdp Kepdp
. dE d .c de—rlfKaop
b) (0= Koy o = kg, 2B _ g p S _2le )
dt dt Ke,Ap dt

S it oy
Kg,dp

E, 0450V/m

=1.96x107* A/m’.
2300 2 m

20.72: a) j.(max)=

b) j,(max)= s (;—E = 5,0F, =2ms, fE, = 275,(120 Hz)(0.450 V/m)
t
= j,(max)=3.002107 A/m”.

c) Ifjc=jD:>£=mSOEo S =4 0110’ rad/s
P

Py
7

oy g 2 A0 BUS. o000
2 2T

d) The owo cwrrent densities are out of phase by 90° because one has a sine function
and the other has a cosine, so the displacement current leads the conduction current by
90°,

29.73: a) :-’..:G = Z ;m P mE: summed over each leg,

= (0) [%j g 5in(90 — ¢) + (gj {%} g 5in(90 — ) + g] (%j ¢ 3in(90 — ¢)
+(L) [%] gsin(90— §)

= % cos ¢ (clockwise).

;3 = ; « B=[4B sing (counterclockwise)
£ Bdd Bd dg.ti-

f=—= cos@=—
R Rdi Rdt

counterclockwise looking to the — & direction.

ing = smgﬁ The current is going
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B . Bl
s = 31n = s g,
f = ¢ = ¢
2rd
80 T= %cos@ = B :; £ sin® @, opposite to the direction of the rotation.

by =7 (7 being the moment of inertia).

About this axis 7 = %mf.

2 rd
Scn::.-:—2 ! {mchosgé—ngsinzgeﬁ}

T smit| 2
242
:%COSQ—MSiﬂ?ﬁ.
5L 5m R

c) The magnetic torque slows down the fall (since it opposes the gravitational torque).
d) Some energy is lost through heat from the resistance of the loop.
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29.74: a) For clarity, figure is rotated so 8 comes out of the page.

S

P
as ',
Fi e

B
|'Ifr \ “Ill'l
/

b) To work out the amount of the electric field that is in the direction of the loop ata
seneral position, we will use the peometry shown in the diagram below.

E
|‘,flI
‘\.
4,
;\ﬁf o
A\
N
& g £C03f
EbOP=Ecos6'buJ:E=—= =
2m  2m(afcosd)  2m
o 2
=E..= i LC}bul:g= e Aﬁm’zﬁ: mz =
27 at & df cos" @ dt
2
== ma” dB _a ﬁ, which is exactly the value for a ring, obtainsd in

PR dmadt 2 dt
Exercise 29.29. and has no dependence on the part of the loop we pick.

o [-£_AdB _I'dB  (0.20m)*(0.0350T/s)
R Rdt R &t 1.90 Q

2
@ ¢, = Loo 1 pdB _ (020m)°(0.0350 T
8" 8 4 8

But there is potential drop ¥ = IR=-1.75% 107" V, so the potential difference is zero.

=737%x107* A,

1.75%107% V.

www.FreelLibros.me



29.75: a)

b) The induced emf on the side ac is zero, because the eleciric field is always

perpendicular to the line ac.
dd oy dB _p dB
s dt

c) To calculate the total emf in the loop, £=

=& =(0.20m)*(0.035 T /s)=1.40x107 V.
-3
iy gL o RN a0
R 1904
e) Since the loop is uniform, the resistance in length @c is one quarter of the total
resistance. Therefore the potential difference between ¢and cis:
V_=IR_=(737x107 A)1.90Q/4)=3.50= 10"V, and the point a is at a higher

potential since the current is flowing from z toc.

29.76: a) As the bar starts to slide, the flux is decreasing, so the current flows to increase
the flux, which means it flows from ato .

b) The magnetic force on the bar must eventually equal that of gravity.

d(D 2 Tt
Fo=itp="2, 18205 18 pdd 15 (lcospy="252 cosg
R R & R & R
T pt
v Rmg tan ¢
= F =mgtang =— cosp =V, =———.
e =mglang=""p ¢ I*B% cosg
c) ;o8 140, 1 ﬁZE(vLCOW):vLBcos@:mg lansp
R R dt R d R R LB
Do 2
&) pojpp=0 8 EL G
LB
. ; Rmetang | . Rm'eltan’ ¢ —
g) F =Frcos(90° —g)=mel —— |sing=>F =—————_ which is
) % { ?) g{LEB? cosgxﬁ} ¢ i L'B*

the same as found in part (d).
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29.77: The primary assumption throughout the problem is that the square paich is small
enough so that the velocity is constant over its whole areas, that is, v = aw = od.

a) @ — clockwise, B — into page :

s=vBL=od BL

= iI= £ &t = @ Since yx B points outward, 4 is just the cross-
R A p
sectional
area tlL.
=TI= rot flowing radially outward since vx B points outward.

b) T=dx Fe,; Fp=ILxB=1ILE pointing counterclockwise.
wd'B'L't :
S0 7=——— pointing out of the page (a counterclockwise torque

opposing the clockwise rotation).
c) If & — counterclockwise and B —» into page,

= I — flow inward radially since vx B points inward.
7 —» clockwise (again opposing the motion);
If @ — counterclockwise and 5 —» out of the page
= I — radially outward
T —»clockswise (opposing the motion)
The magnitudes of 7 and r are the same as in part (a).

30.1: a) s, = M(di/dt)=(3.25x 107 H) (830 A/s)= 0.270 V, and is constant.
b) If the second coil has the same changing current, then the induced voliage is the
same and 5, = 0.270 V.,

30.2: For atoroidal solenoid, M = N, @ /i, and @, = g, N\i 472
So, M = u, AN N, 22

30.3: a) M= N,®, /i = (400)(0.0320 Wh)/(6.52 A)=1.96 H.
b) When i, = 2.54 A, &, =3,M/N, = (2.54 A) (1.96 H)/(700) = 7.11 x 10~ Wh.

30.4: a) M=c,/(dildt)=1.65x107V/ (0242 A/s)=6.82x 107 H,
b) N, =251 =1.20A,
= ®, =iM/N, =(1.20A) (6.82 % 107 H)/25
=3.27 %107 Wh.
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C) diy/dt=0.360 A/sand 5, = Mdi,/dt = (6.82 x 107 H) (0.360 A/s) = 245 mV.

30.5: 1H=1Wb/A=1Tm /A =1Nm/A* =1J/A" =1 (J/ACk=1(V/Ax=1Qs.

30.6: For atoroidal solenoid, L = N®@ _/i = £/(di/dt). Sosolving for N we have:

(12.6 x 10V (1.40 A)

N =gi® (dildt) =
(0.00285 Wh) (0.0260 A/s)

= 238 turns.

30.7: a) | = L(di/dt)= (0.260 H) (0.0180 A/s) =4.68 x 107 V.

b) Terminal @ is at a higher potential since the coil pushes current through from % to
a and if replaced by a battery it would have the + terminal at a.

_ (5004) (1300)° (4.80% 107 m")
27(0.120 m)

30.8: a) L, =K _uN'A/2w —0.130 H.

b) Without the material, L :KLLKW = %(0.130 H)=2.60x10"* H.

m

30.9: For a long, straight solenoid:
L=NC /fiand P, = g, Nid/l = L= #ON?AIE.

30.10: a) Note that points @and & are reversed from that of figure 30.6. Thus, according

to Equation 30.8, & = %" = 28¥ 4,00 A/s. Thus, the current is decreasing.

b) From above we have that & = ( —4.00 A/s)dt. After integrating both sides of this
expression with respect to ¢, we obtain
Al =({—4.00 Afs)Ar =i =(12.0 A)— (4.00 A/s) (2.005) =4.00 A.

30.11: a) L = s/(dildt) = (0.0160 V)/(0.0640 Als)y=0.250 H.
b) @, =:L/N =(0.720 A) (0.250 H)/(400) = 4.50 x10™ Wh.

30.12:a) U= %LI? = (12.0 H) (0.300 A)"/2 = 0.540 1.
by P=I"R=(0300A) (180Q)=162W.
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c) No. Magnetic energy and thermal energy are independent. As long as the current is
constant, I/ = constant.

2 1
30.13: U = %LI? _ el al

Aar

o2 4;-:;{); _ 4;:(0.150&1)(?0.390 i) P—
o Al 14,(5.00 x107*m?) (12.0 A)

30.14: 2) U = Pt = (200 W) (24 hiday % 3600 s/h) = 1.73% 1071,
2 20L73%107 T
SRR AV
2 I’ B00A)

30.15: Starting with Eqg. (30.9), follow exactly the same steps as in the text except that
the magnetic permeability ¢ is ussd in place of z,.

2 2

30.16: a) free space: U =uV = B V= (0.560'T)
2.“0 2,&0

B 0.560 T)*

e b )

2K iy 2450)p,

(0.0290 m*)=3619 1.

b) material with X =450 = U = 4V = (0.0290 m*) =8.04 J.

* 2,0 24,(3.60 x10°]

JidTea) me s s Palimes £1 2y (3.60 x ? i
Vol 24, B (0.600 T)

20, U 244,(3.60x10°T)

Vol (0.400 m)*

23, Lin®,

b) B* = =1414T* = B=119T.

_ #NT _ 14,(600) (2.50 A)

27 27 (0.0690 m)

2 =34 2

B BB 150,107, qye e )
24, 2p,

c) Volume V = 2md = 2 (0.0690 m) (3.50x10™° m*) =1.52 x107° m”.

dy U=ulb =(7.531/m*)(1.52x 10" m*)=1.14 x 107" J.

) B o' 1y (600)° (3.50%107° m*)

2 27 (0.0690 m)

30.15: a) B =4.35mT.

=T 53 Tm®,

=3.65%10"° H.
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U= % SE =%(3.65 %107 T1){2.50 A)? =1.14x 10~ T same as (d).

30:10; g 2L F= ginen g ia B BN sapeia
@ L dt 2.50H

by WA=y 2 S O G0 ennan.
di 2.50H

¢) Atr= 02005 =7 =2y 800V soansmessny_gg13 A
R 8.00 Q2

i B swpean® PO pogsa,

R 8.000Q

30.20:(a) i = 2V —0.030 A=30mA, long after closing the switch.

1000 L1
b)

i=i_ (1—e ™) =0.030 A(l == e_*“]

=0.0259 A
V. = Ri=(1000£2)(0.0259 A)=26V
Ve = e, — Vo =30V 26V =40V
(or, could use ¥, = L& at ¢ = 20 1)

c)

mA - e

30.21: a) i=&/R(—e™'"), r=LiR

i =s/Rsoi=i_ /2 when (1—¢""")=4 and & =1
-3
e ) i LIn2 _(ln2)(1.25%107H) 173 s
5000
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b) U=+0i% U, =4 Qi o

U=LiU__ wheni=i__/+/2

1—e™* =12 s0e™ =1-1+/2 = 0.2929
t =— L In(0.2929)/R = 30.7 s

30.22: a) Uzljﬂf2 :>I="£= MzZISA
2 L 0.115H

= s =IR=(2.13A) (120 Q) =256 V.

b) =L and U = %Li? = %Ls‘?e‘“‘”’ = 1Uo = 1(11;? j

2 Y 2k
—ormizy 1
=e s
2
0115 H
:r:-im(1J=——1n[lJ=3.32x10"‘s.
2R \2)  20120Q) \2
3023 0) I, =520V _g350a
R 240Q

b) = IOE—('R!L‘JI — (0250 A) 8—540930.160H}{4.m =0y = 013? A
c) V,=V,=iR=(0.137 A) (240 £2) = 32.9V, and c is at the higher potential.

; 0.160 H
d) —= 1_ewonn e by, (1] LB [% =4.62x107 s,
I, 2 R \2 (2400  \2

30.24: a) Att=0=v_, =0andv, =60YV.
b) Ast bwo=>v, 5>60Vand v, — 0.
c) Wheni=0.150A=v, =iR=360Vandy, =60.0V-360V =240V.

2
£

2
30.25:2) P=si=d, (- ™" = £ _(600V) g omazomy

] — g tRID
( ) 8.00 &

= P =(4.50 W) (1— @2,
2 2
6.00V) 5
B B .QRZE_ _CRIENNE ( 1= (00 L. 250 H)r + 2
) B =i R B e )

= P, = (4.50 W) (1—e 0¥y,
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I LR @i p | £ ! g’ B o 2
C) PL :Z.LE:E(I_E (RIZY )h[ze—fﬁfﬂ‘j J:E(e—fﬁfﬂ‘j i AWRILY )

=B =4 SO R BTy

d) Note that if we expand the exponential in part (b), then paris (b) and (c) add to
give part (a), and the total power deliverad is dissipated in the resistor and inductor.

30.26: When switch 1 is closed and switch 2 is open:

i M "d—3=—5£dr’
dr dt L S i L

= InG/1,)= —%f == Lgg o,

30.27: Unitsof L/R=H/Q = (£}s)/ Q2 =5 =units of time.

1
30.28: a) oo=—==2m
) P f
1 1 sty
= J = ——=— — o =237Tx107H.
dr° f°C 4x°(1.6x10") (418107 °F)
b C_ = 1 1 =32.67=x107""F,

477 flal  472(5.40%10°)3(237< 107 H)

30.29: ) T= 25— 2yIC = 22 J(L50H) (6.00x 107 F)
i)

=10.0596 5, w = 105 rad/s.
b) O=C¥ =(6.00x107°F)(12.0 V)= 7.20x107C.
o) U, =%CV? =%(6.00x10_5F)(]2.0 V) =4.32%107°].
d) Ati=0,g=0=Qcos(wt+g)= ¢=0.
0.0230 5
J(1.50 H)(6.00 x10°F)
= —5.43 107 C. Sizns on platzs are opposite to those at ¢ = 0.

+=0.02305, g = O cos(wt) = (7.20x107°C) co{

¢y ¢=0.02303,i= % = —cp O sindcu)
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" 7.20x107*C [ 0.0230s
JOLS0HX6.00x107°H) | /(1.50 H)(6.00% 10" H)

=i =—0.0499A.

Positive charge flowing away from plate which had positive charge at #= 0.

+ 5.43x 107 C)*
f) Capacitor: U, . . %= 2.46%107°1.
2C 2(6.002107°F)

Inductor: U, =%Lz‘2 =%(1.50H)(0.0499A)? =1.87%107°J.

30.30: (a) Energy conservarion says I/, (max)=1/7_ (max)

lin lew
2 2

&
[ = FWJCIL = (22.5V) M =0.871A
12x107H

The charge on the capacitor is zero because all the energy is in the inductor.

(b)

i

g=0ar 34 period

"\ VO

“—f,‘v,—‘—' } 5
. T
g="0hul |4 period T=—=2mJLC
o]

at 1/4 period: ir S %(2::1/1,(:) - g\f(12><10'3H)(18 A0°F)
=7.30x107s
at 3/4 period: %T =3(7.30%107%5)=2.19% 1073

(©) g, =CV = (184F)(22.5V) = 405 uC

;
FOIBTLA fprsmsprpmme=es
F T "'I\_/K'l\' . LT

\ /
OHTI A {--—deeee N

iy
30.31: C=Q=%=3n.o,@
vV 429%107°V

For an L-C circuit, e = JI/LCand T = 2xfw =27 LC
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T/27)"
L:“T”)ﬂ.smmﬂ

30.32: ©w= ! =1917 rad/s

J(0.0850H)(3.20 x 10°°F)

fwe  8.50%107°A

& i O, =@, ot PO A g 00
) o = O = G =7 =

_4 2
b) From Eq. 31.26 g = O" — 23" = \/(4.43x10‘? &y —(%J
5

~3.58x107'C.
30.33: ) 24 L g0 g=20% = (0640 H)(3.60x10°F)(280 Afs)
W e et T T T ' |
—6.45x107%C,
]
by e La 2P0 G oy

€ 2.60x10°F

30.34:2) i =00, =0 =m==—; JIC
vl

= 0. =(1.50A)y(0.400H)(2.50x 10" F) = 1.50x107C.

2 -5 2
g, e G ONXID _S) —0.450 ]
20 2(2.50x107°F)
et 4 ! = 3.18x10%s™
27 mLC ;’TJ(OA-OO H)(2.50x107° F)

(must double the frequency since it takes the required value twice per period).

&

o R . 4
3035: [IC]=H-F=H.—=Q.s.—==.=.¢’ =—.A.’ =’ = JIC|-=
o v VvV Vs A VEC)s

2
o +Lq = 0. We will solve the equation using:

30.36: Equation (30.20)is
e ( ) gt ' LC
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g = (cos(wi+ @) = % =—m( sin(wt+ @)= i—:g = —w"Qcos{wt+ ¢).

g 1 2 & 2 1 1
F_Fiq:_w QCOS(COf+IIE‘5)+ECOS(COf+¢)=0:>CO =E:>CO=E.
3037: a) U, _lq__]Q cos (a;r+g35)
2 2 C
T3
U, —]L ]LwQQQSinQ(mt+¢)=lM,smcem =—
2 2 2 < vLC
b _ _10 o B g s g
J] Umﬂ—UCJrU‘,J—2 Ccos (mt+gﬁ)+2Lm O sin” (w4 @)
10"

_1g 1
i (mf+¢)+2L[ ]Q sin (ot + )

] Q (cos (ot + @)+ sin” (wt + @)
1 o

2

= U_ ., 15 aconstant.

30.38: a) g=dAde " cos(w’t - @)

:bd_Q__Aie—(m:m

cosli’t + @) — e’ de TN
dt 2L ( #)

sin(m’t + ).

d’g RY ai2z R _ainz
e E] et )'cos(m’r+gzﬁ)+2m"4£e{ ¥ sin(wt + @)

— w0 Ae™ Y cos(w't + ).

2 2 2
:}d_q_Fqu_F =g [i} _m’Q_R_Q_FL =0
i L d 6 2L A ol

a_ 1 R
I W
. dq
b) Adtt=0¢g=0.i="2=0:
) g=0 =

—

dg R e
= Acos and —==——— 4cosd — o' dsing =0
qg= =0 = o ¢ ¢
= d= 0 md—g—m’angé:— E
cos g 2L 2’
R

N/ LC—RE AL
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30.39: Subbing x > g, m > Lb > RE—> é, we find;

dx bdx kx dq Rdg
a) Eq.(13.41 —+——+—=0—>E 30.27
) Ea.( ) #: mdt m a( v dt’ Ldt LC
kBt 1 R?
by Eq.(13.43) o' =, —— = BEq.(3028): ' = .| —— —.
) Eq. ( ) o Eq.( ) IC il

c) Eq. (13.42): x = de ®'™ cos(w’t + @) = Eq.(30.28) : g = de "™ cos(w’t + ¢).

7}
3041: o = —R—2=L:R?= ff(] o E ]:R: e
4’ 6LC LC 6LC LC 6IC
1 1
= R=2(0.285H) — — =454 Q.
(0.285H) (4.60x 107 F)  6(0.285 H) (4.60x 107" F)

1

JIC  [(0.450 H) 2.50%107 F)

(/LC- R*/4L’) _ i KE, (0.95)
LC AL

4(0.450 H) (0.0975)
(2.50%107° F)

30.42: a) When R=0, », = = 298 rad/s.

b) We want ﬂ =095

=83.80

\/—(l—(ﬂ' 95)° )_V

30.43: a)

b) Sincc the voltage i3 determined by the derivative of the current, the ¥V veraua ¢ graph
is indeed proportional to the derivative of the current graph.
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30.44: a) &= —Lji = —L%((O. 124 A)cos[(240 x/s)t]

= & =+(0.250 H) (0.124 A) (240 7)sin((240 7/5)) = +(23.4 V) sin (240 7/5)).

cnrrenr Al = anhid
eml V1= dushed

Iy

L |
Mhr2s fhims

501 -

J4y -

by s_, =23.4V;i=0,since th: emf and current are 90° out of phase.
c) i =0.124 A;s=0,since the emf and cwrrent are 90° out of phase.

py Nile ¢ dr ;,zONze

. In(b/a).

3045:2) O, _[B(Fm’) j( J(kd)

b fi=lom

ND, _uN’ hm(b/a}
i

¢) In(b/2) =In(1- (b~ )/ @)= — (3’2_;) -jLﬁP‘Ofk[b—_ﬂ}

a

o Ny dy gy N\ 14, - NN, 4y - J”ONLNQEVQQ :

30.46: a) Mz%(b =£é®

o5 4 & 4 & i i
. 2 %
b) |£2| L Nz d(DB, = NQ #ONLAQ ﬁ: JHONINQ}'E?‘? ﬁ
dt L ) d

di di NNmr' di
c) |o|=M,—L=M"2= ol Hla
dt dt o ¥

3047:a) c=- L% = L=c/(dirdt)=(30.0 V)/(4.00 A/s)=7.5 H.
Folin) .
b) 5=E:> O, -0, =2At=> 0, =(30.0V)(12.05)=360 Whb.
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¢) P, L%_ (7.50 H)(48.0 A)(4.00 A/s) =1440 W,

P, =i"R=(48.0 AY’(60.0 Q)= 138240 W = £ _oo104,

"

30.48: 2) e= L% =(3.50 % 10‘3H)— ((0.680 A)cos(r#/ 0.0250 s))

= (3.50><10_3 H)(0.680 A) =0.299V,
5
Li -3
by ©, = i (3.50x10 H)(O'GSOA):ﬁ_QSxm‘ﬁWh_
N 400
di

©) &) =-L" = —(3.50x107°H)(0.680 A)(/0.0250 s)sin(r#/0.0250 s}

= £(f) = — (0.299 V)sin((125.6 57 )¢)

— £(0.0180 5) = — (0.299 V)sin((125.6 s )(0.0180 s))
= £(()=0.230V

di di dz
30.49: a) Series: L, —+ —? =
) b dt - La dt’

. di di, di
but i, =i, =i for series componznts 50 —=—~=— thus [, + L, = ds

di b’

i di &
b) Parallel: Now [, —L=7.,—2=71_—, wherei=1{ +1i,.
) R =R
. . . . L . L
BB B i B0, Sl gy W e T

dt dt df dt Ldr at Ldr

; L L 2 =i
:;»ﬂ & +i£:>L ! ! ;
dt L @& L,dr =

30.50: 2) § B-di = gl = Blwr — i = B= 12
2mr
b) 40, = Bdd =L 1y,

iy

Uil 5 dr it
) ©, _[dCD = 2‘;:] =%ln(bfa).

ND
dy L=—=2 75 lpla).
i 2
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Ll
& U=nii® == 1 eyt = 2
2 2 2z 4

30.51: 2) § B-dl = pol = Bnr= pi = B =12

2ar
B 1 (i 2.5
by u= = dU =udV = u(i2avdr)=——| == | (2avdr)="—2.
24, 2p, \ 2y day

~H
4

¢) U= de o ”405:3 T%

a

dy U =%Lz’2 = L= g = E%lﬂ(bi @), which i3 the same as in Problem 30.50.
z

N,  NA( N N'4
30.52:2) L=— =" [*“0 ﬁlJ:'“o L
i t 2Ty 2y
N, @, NA #y N, #-:)NQQA
L =
iy 7 2y 2y
2 2 2
b) M?— N N, A N N A N, A4 —Eik,
2y 2w 2y

2
30.53: u, o =u, = EOEE —33—,{30#0 = JHe.E
= 4Jeq ity (650 Vz’m) =2.17x107"T.

30.54: a) R=K=%=18609~
i, 6452107 A
b) z.=E.Jr(]_e—(mmr)jﬁ=_]ﬂ(1_3';3'f):>_£=_7m
I In(l—i/i,)
_ — (1860 Q)(7.25%107s)
Ingl — (4.86/ 6.45))

=0.963 H.

30.55: a) Afier one time constant has passed:
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6.00 vV

(1-e')=0474 A
8.000Q

. & -1
=l [ =
i R( €)

=U-= %Lf? — %(2.50 H)(0.474 A)* =0.2811.

Or, using Problem (30.25(c)):

3T

U= IPLdr = (4.50 %) j (OB _ (50 vz

(450W){0 =€) (1_6_?)J=0.281J
3.20 6.40

FAY

b U (450W)j(1 g A (450W)[ +_( _1)j

tot

2.50H

= U= @50 W) e'=05171

iR

¢) U, =(4.50 W) j(l _QeTRInM | STHRIZN g

—(450W)[—+—( e —1)— ( ‘?—1)]
2.50 H

= U, = (.50 W)= (0.168) = 0236 1

The energy dissipated over the induetor (part (a)), plus the enerey lost over the resistor
(part (c)), sums to the total energy output (part (b)).

2
30.56: a)U =1L3'QQ =1L[£j =l(0. H) —— Y _5.00x10'3 1
2 2 R 2 240 €2
b) gzie—fﬂfﬂhr :}ﬁ:_ﬁide‘t ?Ld?* = R :ie—?.fﬂ.-'l.‘]r
R di L dt dt R

— dUL o (60 V)? e—?f?d-o-’ﬂ.lﬁﬂ‘;:’d.ﬂclxlo"') =452 %,

et 240 Q

c) In the resistor:

dUR = .':'?R oo ie—?(ﬂm‘u Lo (60 V)? 6—2(240#0.160)(4.0%10"‘). =4.52 W,

et R 240 0
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2

4 B =itR =g R
2w 5 ,
Sl [ £ L_OOV)OI0B) o0 00
R 2R 2(240 C2)

]

which is the same as part (a).

30.57: Multiplying Eq. (30.27) by 7, yields:

2'\
PR, By g R A ey BT ey B 1‘1—‘
d C & Cdt a2 dr\2 C

=F,+FE+F. =0

That is, the rate of energy dissipation throughout the circuit must balance over all of the
circuit elements.

30.58: a) If t—%:bq Ocos(ot) = Ocos (2; SSTJ Qcos(%”]:%

T [0 &
:H—E(Q (QQ) T

2 2
At ettt =l € ]Q =2 _y,.
2 2 20 220 2C
b) The two energies are next equal when g = 2 = wt = S—R— = E
V2 8 8

30.59: V, =12.0 V;Uy = £CV} so C=2U/VE = 2(0.0160 1)/(12.0 V)? =222 uF

1 1
7= 2dIC . Qzf):C

F =3500 Hz gives L = 9.31:H

_6
30.60: a) 7 =2 =000 4040,
C  2.50x107°F
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2 £
gt B oe D 60017 —1.55x10%A
2 2C VIC  [(0.0600 H)(2.50x10"*F)

) U = %Lifw = %(0.0600 H)(1.55x107 A)* = 7.21%107° 1.

::L)Ifz_l =U, iU =1.80x10"%1 = U, =

= (Q—Jzﬂxlo_ﬁ

TR ST @ ol i
2 2
30.61: The energy density in the sunspot is u, = B*/2x, = 6.366x10*J /m".
The total energy stored in the sunspotis U7, = u V.

The mass of the material in the sunspotis m=pV.
1 . L e
K=U,s0 Emv =U,; EPVV =uyV

The volume divides out, and v= {2u_/p = 2x10*m/s

30.62: (a) The voltage behaves the same as the current. Since ¥, o i, the scope must be
across the 150 £ resistor.

(b) From the graph, as ¢t — 0, ¥, — 25V, so there is no voltage drop across the
inductor, 50 its internal resistance must be zero.

Vi =Vau(1—e™")

when t=7, ¥V, =V_ (1-1)=0.62V__.From the graph, when
V=063V _ =16V, i=05ms=r1

L/R=05ms— Z=(0.5ms) (1500) = 0.075 H

(c) Scope across the inductor:
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it

30.63: a) In the R-I circuit the voltage across the resistor starts at zero and increases to
the battery voliage. The voltage across the solenoid (inductor) starts at the battery voltage
and decreases to zero. In the graph, the voltage drops, so the oscilloscope is across the
solenoid.

b) At ¢ — oo the current in the circuit approaches its final, constant value, The voltage
doesn’t go to zero because the solenoid has some resistance K, .The final voliage across

the solenoid i3 £K;, where / is the tinal current in the circuit.

¢) The emf of the battery is the initial voltage across the inductor, 50V. Just after the
switch is closed, the current is zero and there is no voltage drop across any of the
resistance in the circuit.

d) Ast 5w, e —IR-IR =0
£ =50V and from the graph [ R, =15V (the final voltage across the inductor), so
ITR=35Vand /I =(35V)yR=335A
e) IR, =15V, s0R =(15V}(3.5A)=4.30

e—V, —iR =10, where ¥, includes the voltage across the resistance of the solenoid.

7

L

.H s & —tir R —tie
=e—iRi=—{(1-e"" )80V, =¢[l———(1—-&"")]
R, ’ R

£=S50V,R=10CL R, =143 sowhent =1, ¥, =27.9V

From the graph, ¥, has this value when ¢ = 3.0/ ms (read approximately from the
graph), so : =L/R_, =3.0ms. Then I = (3.0 ms){14.2 Q2) = 42 mH.

30.64: (a) Initially the inductor blocks current through it, so the simplified equivalent
circuit is

i=0L333 A
v L = 5082
] sz o B0Y - page x

R 1500
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Pl =(1000)0333A)=333V

V, =(500Q)0333 A)=167TV

¥, = 0 since no current flows through it.

¥V, =¥, =16.7 V (inductor in parallel with 50 £2 resistor)
A4 =4,=0333A,4 =0

(b) Long after S is closed, steady state is reached, so the inductor has no potential
drop across it. Simplified circuit becomes

(LI [

uy Wy %

R=ﬂ=0.385A
1302

¥, = (100 ©)(0.385 A) = 38.5V ;¥,=0

V,=V,=50V-385V=11.5V

i — 0385 A 5= ¥ _ 0153
750

. 115V

i, = = 0230 A
50 )

30.65: a) Just after the switch is closed the voltage ¥, across the capacitor is zero and there
is also no current through the inductor, so ¥, =0.¥, + ¥, =V, =F_, and since

V.=0and V, =0, ¥, and ¥, are also zero. ¥, =0 means ¥, reads zero.

¥, then must equal 40.0'V, and this means the current read by 4 is
(40.0 V)}/(50.0 ) = 0.800 A

Ay+dy+4, =4, butd, =4, =030 4, =4 =0800A
A =4, =0800 A; all other ammeters read zero.
¥, =40.0V and all other volimeters read zero.

b) After a long time the capacitor is fully charged so 4, = 0. The current through
the inductor isn’t changing, so V7, = 0. The currents can be calculated from the equivalent
circuit that replaces the inductor by a short-circuit.:
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A0 L S0 g2
N

’:._.;;. v
& 7

P o =
W te A
o= U

I=(40.0 V)/(83.33 Q) = 0.430 A, 4, reads 0.480 A
V. =I(50.0Q)=24.0V

The voltage across each parallel branch is 400V -24.0V =160V
V,=0,1, =V, =V.=160V

¥V, =16.0V means 4, reads 0.160A. V, =16.0 V means 4, reads 0.320 A. 4, reads zero.
Note that 4, + 4, = 4.
c) ¥,=160Vs00=CF=(12.04F)(16.0V)=192 pC

dyAts=0and t =, ¥, = 0. As the current in this branch increases from zero to
0.160 A the voltage V, reflects the rate of change of current.

30.66: (a) Initially the capacitor behaves like a short circuit and the inductor like an open
circuit. The simplified circuit becomes

(=030

TR Z 0

L a
R 1500

=0.500 A

V. =Ri=(50 Q050 A)=25.0V
¥, =0,¥, = (100 £)(0.50 A)=50.0 V
¥V, =V, (in patalle)= 50.0 V

4 =4,=0500A,4, =0

(b) Long after S is closed, capacitor stops all eurrent. Circuit becomes
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E s 1 75ul

T ¥, =75.0V and all other meters read zero.

(c) g=CV =(75nF)75V)=5630nC, long afier S is closed.

30.67: a) Just after the switch is closed there is no current through either inductor and
they act like breaks in the circuit. The current is the same through the 40.0 £l and 15.0 Q2

resistors and is equal to (25.0V)/[40.0Q2+15.0£)=0455 A 4 =4, = 0455 A;
oy =y =10

b} After a long time the currents are constant, there is no voltage across either inductor,
and each inductor can be treated as a short-circuit . The circuit is equivalent to:

BRIy Hlng

o J,f\._
[
Lh :
=l

)

I=(250V)/(42.73)=0.585 A

4, reads 0.585 A. The voltage across each parallel branch is 25.0 V —(0.582 A)40.0 1) =

1.60 V. 4, reads (1.60 V)/(5.0 £2)= 0.320 A. 4, reads (1.60 V)/10.0 )= 0.160 A. 4,
reads (1.60 V)/(15.0 €2) = 0.107 A,

30.68: (a)r=L/R= L8 _ .40 ms since 0.50 s > ¢, steady state has been reached, for

29 LL
all practical purposes.

i=g/R=50V/25Q=2.00A
The upper limit of the energy that the capacitor can get is the energy stored in the
inductor initially.
T ¢ One L S 0., =#HALC
g g v eeme
O =(2.00 A)4/10x 107 H) (20%10™° F) = 0.90%10™ C
(b) Evenmually @/ the energy in the inductor is dissipated as heat in the resistor.
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U, =U, = %ng =%(]0x10'3H) (2.00 A)*

=20%1077]
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30.69: a) AL ¢= 0, all the current passes through the resistor R, so the voltage v, is the
total voltage of 60.0 V.

b) Point zis at a hisher potential than point 4. ¢) v, = 60.0 V since there is no
current throngh R,

d) Point cis at a higher potential than point &.

e) Afier a long time, the switch is opened, and the inductor initially maintains the
£ 600V

current of i, =—=
'R, 250Q

vy =—iR =—(2.40 A)(40.0)=—960V.
f) Point bis at a higher potential than point a.
g v, =—HR +R)=—(240A)(40Q+250)=—156V
h) Point & i3 at a higher potential than point c.

=2.40 A. Therefore the poiential between ¢and b is

30.70: a) Switch is closed, then ar some later time:
% =500As=>v, = L% =(0300H) (50.0 A/5)=15.0V.
I

60.0V
40.0 Q
_45.0V

The bottom loop: 60V —{, R, -150V=0=i{,=———=1L80A
2500

The top circuit loop: 60.0 V=i R =i = =150 A.

b) After along time: i, = % =2.40 A and immediately when the switch is

opened, the inductor maintains this current, so i, =i, = 240 A

30.71: a) Immediately after 5, isclosed, i, =0,v,_=0,and v, =36.0V, since the
inductor stops the current flow.

g 360V
R, +R 50Q+150Q

v, =i K = (018 A (50L)=9.00V, and v, =360V -9.00V =270V,

o

b} After a long time, i, = =0.180 A,
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c) it)= Ri(l — Y ) = (0180 A) (1 — &N,

total
v, )= 1) B, = 0.00 V) [l e )and
Vr:b (t) = E(t) RO — 360 V — (900 V) (l -, e—fSO;']‘“): (900 V) (3 4 e—fS')s_]‘]r).
Below are the graphs of current and voltage found above.

12 £,00
HES 1 v
1L i
[IRER L et I
00 i i i a0 i
40 00 [FRAR] 0.2 0.1 [ {0 AL 07 Ir. [ 0,70
{23} )

(R R e A

1

10 i i
LRIE) {IRACS E1ES w17 016 1,200

30.72: a) Immediately after S, isclosed, the inductor maintains the current i = 0.180 A
throush R. The Kirchoff’s Rules around the outside of the circuit vield:
e+&, —IR—{R, =360V +(0.18) (150) — (0.18) (150) — #,(50) =0

sx s BON o o = (0.72A) (50 V)=36.0 Vand v, =0.
T 500 =

T Tae

b) After along time, v =360V, and v, =0. Thus
& 360V
"TR T s0q

ip=0,andi =0720A

=0.720 A,

€) i, =020 A, i ()= ——& ¥ =i ()= (0.180 A)e™?*™¥ and

total
i,,(£)=(0.720 A) — (0.180 A5 = (0,180 A) [4 — 0257
Below are the graphs of currents found above.
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S A
M.A0 r : s 1A

(RN} : : : 1.0 : : .
(K 11 (LA 2 (L1 LER ) ko 1.0 .08 FEE
i3] e

N H

IR
Foinah & AL U

(A H
LRI

1134 [ELYE] (4

30.73: a) Just after the switch i3 closed there i5 no current in the inductors. There is no
current in the resistors so there is no voltage drop across either resistor. 4 reads zero and
V reads 20.0 V.

b) After a long time the currents are no longer changing, there is no voltage across
the inductors, and the inductors can be replaced by short-circuits. The circuit becomes
equivalent to

S0

00V

2508
N I% = (20.0 V)/(75.0€2)=0.267 A

The voltage between points gand & is zero, so the voltmeter reads zero.
c) Use the results of problem 30.49 to combine the inductor network into its

equivalent:
120 mll

ladriz

. =

4 e 4 b 3 o 108 =

|h_|]l||]|::§'3 = mll?‘i il Eg = m”-f?
I

] 150 mH |
R=750£2 is the equivalent resistance.
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Eq.(30.14) saysi = (¢/ R)(1 — ™), with t = L./ R = (10.8 mH)/(75.0 ) = 0.144 ms
£=200V,R=750€,¢=0115ms,s0i=0.147A

V., =iR=(0.147 A)75.0 )=11.0V

200V -V, —¥,=0s0%,=200V-V, =90V

30.74: (2) Steady state: 1= 2 =22V _ 0600 A
R 1250
(b) Equivalent circuit:
11 1
i - S |
C. 25 4F  354F
€. = 14.64F
F=r el A
20 — |damF

2
s 1
Enersy conservation: e — Il

g =iy JLC = (0.600 A) /(20 x 107 H) (14.6 x 10°F)
=324 x107C

g ma al 144 period
b

1 1 g
t=—T ="(27yLC)Y= —JLC
4 4( ) 2

t= g\/(zo %107 H) (14.6 x 107°F) = 8.49x 1073

30.75: a) Using Kirchhoff®s Rules: ¢ —{ R = 0= =%,and

it

i £ N
T B e B L Tl OR Ll
dt 7
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b) After along time, i, = —still, and i, = —.
R

1

c) After the switch is opened, i =i, =—— e &5 and the current drops off.
i) 2
d) A 40-W light bulb implies R = V? = % =360 £L1f the switch is opened,

and the current is to fall from 0.600A to 0.150 A in 0.0800 5,
then:i, = (0.600 A)e S H — 0,150 A = (0.600 A)e AT HIRIAKDIRG)
22.0H
0.0800 5
= s — R, — (0.600 AY21.2 Q) —12.7 V.
g 127V
R 360Q

In4.00)=360Q+ R, = R, =21.0Q

e) Before the switch is opened, i, = =0.0354 A

&, &, &, di
— 4+ M, —+ —=1L_—.
dt * Pa U
Buti=1 +1, :f=ﬁ+diande =M, =M.

df  dt  di

di di
So(l, +L, +2M)—=1L_—,
Wbl )dr 3 gt

0.76: Sesies: L, Shad,
dt

or ch =L+, +2M.
Parallel: We have L, ! +M,— iy o

¢ dz = dJr
& _, d
a2
ﬂ+ di, _ di
dt df dt

i, di

To simplify the algebra let 4 = ﬁ,B =—= and C=—.
o3 et gt

So Lid+MB=L _C.L,B+MA=L C.4+B=C
Now solve for 4 and B in terms of .
= (L M)A+ (M -L)B=0using 4=C- 5.
= (L -MYC-B)+(M-L,)B=0
=L MY — (L -MB+(M -L)B=0

&
and J[,?d—;W—M"Ql

with and M, = M, = M.

= (2M -L —L)B=(M-L)C= B= ST L) c
But A=C-B=C— (M-L) QML -L,)-M+IL :
(2M—Ll —L?) (ZM_Ll _LQ)
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M-—L
or 4=———"% (. Substimite 4in Bback into original equation.
2M-L - L,
o LM -L)C : MM - L) CoI ¢
2M-L L (M-I -L) =
7
M -1 -L,

G o

2
1 e

30.77: a) Using Kirchhoff’s Rules on the top and bottom branches of the circuit:
di

e— iR —LH 0= =S e,
Fris R

. dy  § e e
‘E_EQRQ_%:O:)—d—;R?—éZ(]:}z?:R_EUfR;C))

2
t

e J; A d'=— RLRQCE—(UR,C‘);J | O e-(ug,c:u)_

2 0

b) (0 =—(1—*)=0,5, == ¢ = B0V _g60x10* A
R, K, 5000 £2
5 el e o e e PO g e, B 5e
R R 2508 R,
A good definition of a “long time™ is many time constants later.
d) i =i, = & ( _e—fﬂ,,-‘z‘,u)= 8 o LiBLCH 1- E—(n,,fm:) = & o ECH
Rl RTZ RQ
IQ I3
Expanding the exponentials like & =1+x +—+ S +---, we find :

R. 1{RY . R ¢ £
o o RA N (o B ;e e o ) RS ey S
£ o\E R, RC 2RC

=i £+ R?l + O+ = ﬂ, if we have assumed that # << 1. Therefore:
L RC R,

1 1 LR
=t — o
’Rla/n+a/rey) \L+RC
_[_(B-0H)(5000 €2)(2.0x10°F)
| B.0H+ (5000 ) (2.0 x10°F)

le.leO'ss.
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o P 43V
258

f) We want to know when the current is half its final value. We note that the current
i, 1s very small to begin with, and just gets smaller, so we ignore it and find:

e) At r=1.57x107%s:4 = %(1 = (11— @y -9.4%107 A.
L

iy, = 0.960 A= = ﬁﬂ — e Y = (192 A)(1 — ),
1
— RN _g.500 :}f__ n(0.5) =2jl n(0.5)=0.22 3

1

30.78: a) Using Kirchoff’s Rules on the left and right branches:
Left: e — (G +&)R— L{jl =0= R(; +;EQ)+L%=

Right: 5—(31+32)R—E—0:>R(3 +3?)+ - =g,

b} Initially, with the switch just closed, 7§ = 0,7, R < and g, =0.

c) The substinition of the solutions into the circuit equations to show that they satisfy
the equations is a somewhat tedious exercise in bookkeeping that is left to the reader.
We will show that the initial conditions are satisfied:

£ &
Att=0,q, =——e * sin(wt) =——sin(0)= 0
@=_2 (0f) R (0)

() = %(1 — e P[(200RC) ™ sin(we) + cos(wt)] = 7, (0) = % (1 - [cos(0)]) =

d) When does i, first equal zero? w = . % =625 rad/s
I PRE)
i,(#)=0= ; e M [—(2wRCY™ sin(wt) + cos(w)] = — (20RCY tan(wt) +1=0
= tan(wt) = + 2wRC =+ 2(625 rad/s)(400 £)(2.00 x 10° F) = +1.00.
= wt = arctan(+1.00) =+ 0.785 = ¢ = D783 5 5sewiite
625 rad/s
30.79:a) ©,=BA=B,4, +B, .4, ”;VNE (D~ W) K“;; (W) =

#Ni{(D — d) + Kd]

www.FreelLibros.me



N d d Tl
S L=""8 =y NUD-d) A Ed| =k L, =+ L. — =1 E R
- NI ) ] 0 g D 0{ D

=d= [f _i’ }D, where L, = FON?D,and Ly = K#ON?D'
T ("

b) Using K = ¥, +1 we can find the inductance for any height 7. = I, {1 + ¥ %]

Height of Fluid Inductance of Liquid Oxveen Induciance of Mercury
d=Dj4 0.63024 H 0.63000 H
d=Dy2 0.63045 H 0.62999 H
d=3D/4 0.63072 H 0.62999 H
d=D 0.63096 H 0.6299¢ H

Where are used the values y (0.)=1.52x 10~ and 7. (Hg)=—29x107

d) The volume gauge is much betier for the liquid oxygen than the mercury because
there is an easily detectable spread of values for the liquid oxygen, but not for the
mercury.

31.1: a) V_, L.

B

b} Since the voliage is sinusoidal, the average is zero.

=31.8V.

31.2: a) T=+27_ =2(2.10 A)=297 A.
2
T
c) The root-mean-square voltage is always greater than the rectified average, becanse

squaring the current before averaging, then square-rooting to get the root-mean-square
value will always give a larger value than just averaging.

by 7, =2r=2(2.97A)=189A,
i

S8 A VI = e by = 0.120 A.
wl (100 rad/s) (5.00 H)
9 e S = 0.0120 A.
wl, (1000 rad/s) (5.00 H)
o Fn = = 0.00120 A.

" wL (10,000 rad/s) (5.00 H)
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0.1 ;

Lavg [ f]

(0 ;

E H H H L ]
oo 200 500 LOG0 2000 5000 10000

Log [w]

I
ml

b) I =PwC =(60.0V) (10000 rad/s) (2.20 x107° F)=0.132 A.
¢) I =VoC=(60.0V)(10,000zad /s) (2.20x 10°F)=1.32 A.

314 a) V=IX,=

= [ =VwC = (60.0 V) (100 rad /s) (2.20 x 107° F)= 0.0132 A.

d)
A
w1
L5
Log [4] s
E 01 |- .
n.ns
E i WP O 0
(060 200 3000 1000 2000 3000 10000

Lag [

31.5: a) X, = el = 2/ = 2x(50 Hz) (3.00 H) =1508

B = = Il et = Vs
2rf  2x(30 Hz)
T L D ! =497
oC  24C  27(80Hz) (4.0 107 F)
! 1 ! ~1.66x107° F.

d) Xc=2—:>C= =
bis i 25X, 2x(80 Hz) (120 )

31.6: a) X, = el = 2mfl = 2(60 Hz)(0.450 H) = 1701 If £ = 600 Hz, X, =1700€2

S T D ! ———1061 LIf £ = 600 Hz, X =
oC  2C  27(60Hz) (2.50x10° F)
106.1 £2.
c) X.=4% :L—mLzm— L ! =943 rad/s
€T E T e JIC  J(0.450H)(2.50 x10° Hz) ’
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so f=150Hz.

31.7: Vc=i:>C= - ) SN TR
wC wV, 2x(60Hz)(170V)

(12.0 V)

318 V,=lwl=> f= L = ———=1.63x10° Hz.
ol 2n(2.60% 1073 A)(4.50x 107 H)
31.9: a) i= % ki V)";;é(g’;n oAy (0.0253 A)cos((T20 rad/s)e)
b) X, =l = (720 rad/s) (0.250 H) =180 Q.
¢) v, =L % = — (L) (0.0253 A) sin (720 rad/s)) = — (4.55 V) sin((720 rad/s)?).
1 1
31.10:8) X,=—— ~1736 2

el (120 rad/s) (4.80 x 107° F)
b) To find the voltage across the resistor we peed to know the current, which can be
found from the capacitor (remembering that it is out of phase by 90° from the capacitor’s
voltage).
v, vecos{wf) (7.60V)cos{{120 rad/s)f)
E- A T 1736 B

= v, = iR = (4.38 x107 A) (250 €2) cos((120 rad /s)7) = (1.10 V) cos((120 rad /s)¢).

i=

(4.38 x10™ A)cos((120 rad /s))

1 1 L 1
NAl:a) fow=p,=——=2>X=l-—2X=———
7 wC JIc c/Jic
b) When w > w, = X > 0.
c) When w >m, = X <0.

d) The sraph of X" against e is on the following page.
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Ao
200

Lo

[NRRIR]

HETEN]
LB b kgl

S Y (P L

=500 /
—4.4I0)

31.12: a) Z =R? + (wl)! = /(200 Q)% + ((250 rad/s) (0.400 H))? =224 Q2
0.0V
b) [= ¥ _
7 224Q

c) ¥V, =IR=(0.134 A) (2000) =268 V;
V. = kel = (0.134 A) (250 rad/s) (0.400 H)

=¥, =134 V.

=0134 A

d) ¢ =arcian [v—"*J = arcian {%J =26.6", and the voltage leads the current.
Bl 2

"

¢)

X 24

3= [

31131 a) Z=R?+(1/wC) = /(200 Q) + 1/((250 rad/s) (6.00 x 10°* F))?
= 696 0.
i e e 30.0V
Z 6960
¥, = IR = (0.0431 A)(200 Q) = 8.62 V;

)., I (0.0431 A)
© T wC (250 rad/s) (6.00x 10 F)

=0.0431 A,

=287 V.

d) ¢ =arctan E = arctan 28:? v =—"73.3° and the voltage lags the current.
v, .62V

R
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e
Z&: bra "
IXCh
31.14: a)
Z =(wl -1/ wC)= (250 rad/s) (0.400 H) — 1 —— =567 L
(250 ad/s) (6.00 x 10 F)
30,0V
b) I= 2 =0.0529 A.
Z Q
c) V.=Iwl=(0.03529) (250 rad/s) (0400H) =529V
¥, = I (0.0529 A) _ 353

T wC (250 radss) (6.00x 10° F)
d) @ =arctan {@J = arctan (—eo) =—90.0° and the voltage lags the current.
3

e)

I¥IL)
e,
15(C)
31.15: a)
i

¢

g G : i
I —f
E o L0

s &

RIRE. ]

=3
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b) The different voltages are:
v=(30.0 V) cos(250¢ + 26.6°), v, = (26.8 V) cos(250¢), v, = (13.4 V) cos(250r + 90°)

At¢=20ms:v=20.5V,v, = 7.60V,v, =12.85 V. Note v, + v, =v.
¢) Att=40ms:v=—152V,y =—2249V,v, = 7.29 V. Note v, +v, =v. Be

careful with radians vs. degrees in above expressions!

31.16: a)

b) The different voltage are:
v=(30.0V) cos(250¢ — 73.3%), v, = (8.62 V) cos(250¢), v, = (28.7 V) cos(250¢ — 30°)

Atr=20ms:v=—251V,v, =245V, v, =-275V.Note v, +v.=v
c) Atr=40ms:v=-229V,v, =-T723V, v, =-15.6 V. Note v, + v, = v. Careful

with radians vs. deprees!

3117: 8) Z =yR? + (ol — 1/ wC)’
= Z = 4J(200 ©2)* + ((250 rad/s) (0.0400 H) — 1/ ((250 rad/s) (6.00 x 107 F)))?

=601 2
¥oo30V
b) i=—=——=0099 A
Z 6018
c) ¢5=arctan[MJ=arctan 10352 =007 50 =—T0.6", and the voliage lags
R 200 €2

the current.
d) ¥V, =IR=(0.0499 A) (2000Q)=9.98 V;

V, = Il = (0.0499 A) (250 rad/s)(0.400 H)=4.99 V;
o Q029 1) =333V,
wC (250 rad/s) (6.00x 107 F)
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e) Because of the charge-storing nature of the capacitor, its voltage will tag the source
voltage. That is, the capacitor’s valtage will peak afier the source voltage.

31.18: a)

I ===

YiTe—m 5

4

The different voltages plotied above are:

v= (30 V) cos(250t — 70.6°), v, =(9.98 V) cos(250¢),

v, = (4.99 V) cos(250¢ + 90°)v, = (33.3 V) cos(250¢ — 907).

b) Atr=20ms:v=—243V,v, =283V, v, =4.79V,v, =-319 V.
c) Att=40ms:v=-238V,v, =—837TV,v, =271V,v, =-181V.

In both parts (b) and (c), note that the voltage equals the sum of the other voltages at
the given instant. Be careful with degrees vs. radians!

31.19: a) Cwrent larsest at the resonance frequency
1
fo=—=——==113Hz Atresonance, X, =X and Z=R I =FV/R=15.0mA
Q 2;'_: IILC L %
b) X, =1/wC=5008 X, =wl =160£2

Z= R (X, - Xo) = {20007 + (160 Q2 — 500 C2)* =394.5C2
[=V/Z=T761mA

X » X, sosource voltage lags the current.

i
values R=200€, Z.=0400H and C=6.00x10° F:
a) w=1000 rad/s: Z =307 Q, $ =49.4%

2
31.20: Using Z = \/R? = (mL = Lcj and ¢ = arctan [WJ along with the
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ow=600rad/s: £ = 204 €3, p=—-10.7°;
w=200rad/s:Z="T79€, ¢=-75.1°

b) The current increases at first, then decreases apain since f = g

¢) The phase angle was calculaced in part (a) for all frequencies.
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d)

ALY

iz

P

XLl
i
- I o

3121 VR =VE 4+ (¥, - V)
¥V =(30.0V)? +(50.0V-900V)? =50.0V

31.22: a) First, let us find the phase angle between the voltage and the current

1
e 3 =3
— wl-2C  27(125%10° Ha) Q0.0 %107 B) ~ gy

R 3500
The impedance of the circuit is

Z= \/R? + (wl _%)2 — 3500 =+ (~752. Q) =830 QL
v}

The average power provided by the supply is then

Ve (120 V)?

P=¥V I cosig)=—cos(g)= cos(—63.19)=7.32 W
sl s COS() 7 () 200 { )

= ¢ =—65.1°

b) The average power dissipated by the resistor is F, = I;ER = (mi)? (350 02)="732W

8306

31.23: a) Using the phasor diagram at right we can see:
www.FreeLibros.me



FRiL) i
T

2 2
by B =1V—cos ] =V£cos i
2 Z z
2
sp,-tm2_pp
77
2 1
31.24: E, =Vﬂcos g= Foms R
7 A
2 2
~Tmap BOOY) 55 00y-435W.
z: " a0s0y

31.25: a) cos@=£= £
A i %
JR? + [@: = —]
w
2400
= 2
(240 €)% + | 22(400 Hz) (0.120 H) — ! —
' 2z (400 Hz) (7.30 2107 F)
_ 208 60
344 Q

= ¢ =cos (0.698) = 45.8°.

b) From(a), Z=344 Q).

c) F_.=4_Z=(0450 A)(344 ) =155 V.

dy £ o=V_Ji_ cosg=(155V)(0450A)(0.698) =487 W.
e) P,=P, =487W.

f) Zero.

o) Zero.
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For pure capacitors and inductors there is no average energy flow.

31.26: a) The power factor equals:
R R (360 02)

cosgd=—= = =0.181.
Z \/'R? + (i)’ \/(360 Q) + (((2m)60 rad/s) (5.20 H))?
b)
au=1—V—2005¢5=l 240 ¥y (0.181)=2.62 W.
2 Z 2 \/(360 )" + (((2)60 rad/s) (5.20 H))"

31.27: a) At the resonance frequency, Z = R.
V=IZ=I/R=(0.500 A)(200Q)=150V

¥, =IR=150V

XzszzL(liﬁz LiC =238204V, =IX, =1290V

KXo =1 {wC) = JL/C =2582C);

Vo=IX,=1290V

c) P,=41V Icosg=4+I"R,since ¥ = IR and cos ¢ = 1 at resonance.
B, =4(0.500 A) (300Q)=37.5W

31.28: a) The amplimde of the current is given by
v
i=
VR + (oL — )"
Thus, the current will have a maximum amplimde when
wl=-"—-oC="=——L—" =444 ,F.

a’C @2 (500 cadiel (2.00H)
b) With the capacitance calculated above we find that Z = R, and the amplitude

of the current is [ = = ﬁ'; =0.300 A. Thus, the amplimde of the voltage across the

inductor is ¥ = I(wL) = (0.300 A) (50.0 rad/s) (9.00 H) =135 V.

31.29: a) At resonance, the power factor is equal to one, because the impedance of the

T — ; R
circuit is exactly equal to the resisiance, so F =1.

Pua L{B0VE
R 1500

¢) If the capacitor is changed, and then resonance is again attained, the power
factor again equals one. The average power still bas no dependence on the capacitor, so
P =75W again

=T5W.

b) Average power: F, = =%
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1 1

VI f0350m)(120x10" F)

by V.= % = I =VooC= (550 V) (15.4x10° rad /s)(1.20 <10 F)= 0.102 A

31.30: a) @, = =154x10% rad/s.

=¥ =R ={0.102 A) (400 2)=408 V.

max(zource )

31.31: a) At resonance:
1 1

. = =
* Vic  Jloaoom)(6.00<10° F)
=&, =645.5rad/s = 103 Hz.

b)

f"('“\ R—17

X0

Vo300V A
V=V, == o212V, ) —om
=0.106 A
¥y =1 .c0,L = (0.106 A) (645.5 rad/s){0.400 H)=27.4 V.
I (0.106 A)

Ry === = TN =T,
> w,C (645.5rad/s)(6.00x107° F) !

V, = 0, since the capacitor and inductor’s voltages cancel each other.

Vo=V P P

rowrce) T E - \E

d) If the resistance is changed, that has no affect upon the resonance frequency:
tw, =645.5 rad/s = 103 Hz

.

Z R 100Q

=0.212A.

1 1
VLC  [(0.280H)(4.00%10° F)
b) 7=1.20 A at resonance, so: R=27 =K= J2d'y
I 1L70A

www.FreelLibros.me
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c) Af resonance:
Vo uR)=120V. ¥ (L)=¥  (C)=TIwL =(1.70 A)(945 rad/s)(0.230 H)

— 450 V.
N
T a) 2Ll g
N, 12
v :
by ot JSOV gy
R 500Q

c) Po=I ¥ =(240A)(12.0V)=288W.
Vi 120V

dy R= = =500 L2, and note that this is the same as
P 288W
2
AF
(5.00 Q)| = (5009)(]20J =500 €.
N, 2.0
31.34: a) 2, SO
N, 120

b) P=LV,=(0.00850 A)(13000V)=110.5 W.

¢) I, =1, % =(0.00850 A)(108)=0.918 A .

N, / _ 128x100 0
31.35:a) R = —
d [N ] 8000

b)V;=Vl£ (600V =150V
N, 40

31.36:a) 7, =R +(1/wC)
b) Z, .. =R +(wl)

c) Itz .. =Z, . .thenthe current splits evenly through each branch.
d) At the crossover point, where currents are equal:

cH (1,’&:(::*): R +(wl) = =%-
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31.37: ge&:.arcm.n[':“'—‘['j:>.L=5ta.ng.as=i tan ¢
R w 2nf
48.00
=[ ]tan(523°)=0.124 H.

27{30 Hz)

31.38: a) If @ = 200rad/s: Z = {R? + (0L — O}

= 7 =(200 O + (200 rad/s) (0.400 H)- 1/(200 rad/s) (6.00x 10 B))f =779 @

=K=£=0.0385A:>IW=L=0.02?2A.
Z 7790

V2
So, ¥, =1__R=(0.0272 A}{200 Q)=5.44 V,
v, =1 X, =1_wL=/{(0.0272 A}(200 rad/s)(0.400 H)=2.18 V,
B el T L, (0.0272 A)

wC (200 rad/s)(6.00 x107 F)

V,=V,-¥,=22.7V-218V=205V,and ¥, =z, =32 V=212V.
b) If @ =1000 rad/s, using the same steps as above in part

@@y Z=307CL¥,=138V,¥,=27.6 V,¥, =115V, ¥, =16.1V,¥, =212 V.

= f

=227V,

Fia) F =0 vhenib= bl m b, b bk =
2 2

i
o

b ["idt= [t cosrki ~ Lsinfor)f = £ inoe/2)-sinte/2)] -

g |2

27
m k)

since it 1s rectified.

C) SO’ Irav(f?_fl)=£:>‘fmv=££=£'
o T T
31.40: a) XL=wL:>L=E=7250Q =0.332Q
w  2z{120 Hz)

b) Z=yR'+ X, = J400 QY + (250 QF =472 Q,COSg.‘eS:%.

2
p ot =By ziie i) PEN ey
Z Z R 4000

31.41: a) If the original voltage was lagging the circuit current, the addition of an

inductor will help it “catch up,” since a pure LR circuit would have the voltage
www.FreelLibros.me



leading. This will increase the power factor, because it is largest when the current

and voltage are in phase.
b) Since the voltage is lagging, the impedance is dominated by a capacitive element so
we need an inductor such that X, = X, where X is the original capacitively dominated

reactance (this could include inductors, but the capacitors “win™).
R=10.720 Z=0.720(60.0 .Q)= 43.20

=Z=JRT+ X2 = X, =VZ° —R* = J(60Qf - (4320F =41.62

X, =X.=41.6Q=0wl ypmtit MO gany
©  2z(50Hz)

31.42: Z=ltm MY _goo0- [R?+ X2 — JR*+(50.0 QY. Thus,

T | 3WA

R=1(80.00) —(50.0 2 =62.4 €. The average power supplied o this circuit is

equal to the power dissipated by the resistor, which is
P=7"nR=(3.00A) (624 Q)=562 W

31.43: a) w, = lfﬁ = 3162 rad/s; ww = 2ew, = 6324 rad/s
X, =wl=31.62Q; X, =1wC)="7.906 Q
TR XY X~ X 29E
[=V/Z=(500x10"V)/{23.71Q)=2.108x 10" A
V,=IX,=1667x10" V: this is the maximum voliage across the capacitor.
0=V, =(20.0x107F){1.667x10™ V)=33.34 nC

b) In part (a) we found 7=0.211 mA
c) X, » X, and R= 0 gives that the source and inductor voltages arz in phase;
the voltage across the capacitor lags the source and inductor voltages by 180°.

i X
31.44:a) X, =m?L=2mlL=2[ : =2 £ =4X_, = = =4 andsothe
: e, C O R

inductor’s reactance is greater than that of the capacitor.
X
b) X%:wstﬁz L o 1 :lXC = L’:ljaﬂdsothe
3 3, C S, C) 9 7 X, 9

capacitor’s reactance is greater than that of the inductor.
c) Since X, = X at «w,, that is the resonance frequency.

3145: V, = V2V =1 JR* + (wL)’ =%\|’R? +{wL)
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B R*+(wl)

V. (R 4(oL-YuC)
It & is small: Vo = & = oK = R
Vo YR+ (eCl Ju'R +0/C)
1 i arges o o WBET g
ge: Y =i
v «\lf(coL)Q
R !
3Ld6: ¥,y =V === e ? _
i wC R + (ol eCY
S 1 1
MR ¥, wC Rt lel YaCf wCyfl@ly €Ok
v 1 wC
If @ issmall: 22— — =— =1,
Vo wCljec)y «C

3147 a) 1=2 = 4 .
Z  JR'+ (oL -YwC)

2 :
b) P, =1f?R=l(K] R=— e =
2 24 Z R + (L —1fwC)
c) The average power and the current amplide are both greatest when the

1
= W, =

1
,C JIC

denominator is smallest, which occurs for w,[ =
(100 VY (200 Q)/2
(200 Q@Y + (0(2.00 H)- /e (5.00x107 )

250"
= Ezv = "
40,0000° + (200” — 2,000,000 f

d) P, =

au

DR OTEFRIE Fiemitnn ey e e S s i ol i

Dower

ity (TN 1] | 1 PR pIEEEE SIS SRS SIS R —————

CRDIENI2DEY [ o s

(.00 i i o
1100 A0 &0 L 20 4 03 L Gilhe o 13
Angular frequency (rad/s}
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Note that as the angular frequency goes to zero, the power and current are zero,
just as they are when the angular frequency 2oes to infinity. This graph exhibits the same
strongly peaked nature as the light red cwrve in Fig. (31.15).

iyl Belip— e Bl .
Z  JR 4oL - 1fwCY
1
B) Fom— e = .
wC @CZ 4O (R +(wl—1wC)
c)

R e | £l

i A - : E ) a0
GlK)
Incueior voltags

Elvy)

201

=

LIARA]
L1110

: : : : - oo 3
T4 + 113 1o + 0 HEEY] RN E I N R
Ananiar froquoney Soagula tiogucecy

d) When the anpular frequency is zero, the inductor has zero voltage while the
capacitor has voltage of 100 V (equal to the rotal source voltage). At very high
frequencies, the capacitor voltage soes to zero, while the inductor’s voliage goes to 100

V. At resonance, @, = L =1000 rad/s, the two voltages are equal, and are a

Jic
maximum, 1000V,
2
= _1 -2 _1 .Q_] ’2_] 1 _] 2
31.49: a)UB—ELz :><UB)—5L<3 >_ELI““ —EL EJ —ELI
2
1.5 1 21 2 T | G
U =—O= U N=—ch==cV_*=—C|=| ==c¥
AR R A T

b) Using Problem (31.47a):

2 2
f e L. o 4 LV
< 5} 4

2
4 [\;RQ +(wk —YwCY } 4[R* + (wL - 1/ CY )
Using Problem (31.47b):
g U Ve

U y=—C¥F. =—C = :

G5 it i &' C*R? +(wl - YCY) 40™C[R? + (6L -YwCY)
c) Below are the graphs of the magnetic and electric energies, the top two showing the

eeneral feamres, while the bottom two show the details close to angular frequency equal

to zZero.
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d) When the angular frequencyis zero, the magnetic energy stored in the inductor is
zero, while the electric energy in the capacitor is L7, = CV¥* /4. As the frequency goes to
infinity, the enersy noted in both inductor and capacitor go to zero. The enersies equal

1 Lv?
each other at the resonant frequency where &, =——and U, =U, = —.
NILC 4R
&
TR s th120
0,700 i b -
[iR#{%] CLOET e
Mugnetic energy et —
i © o060 L S e S | ——
Q040 o RENi]
LEH ALY S (hAx)
[EX]8] i .00 :
O.0K) |00 + 03 [1.063 10 4+ CH3
Angilar Treoueney Angular frequeney
TLTHIKEND - B

hlipnenic enery LK

{100

00

10K =115
Angular [Tegueny

Electne enavgy oy oo oo

ULO00 [

0.0on
[ERL4] |0 + 103

-'J\n;_‘_llhll' rl‘r'.[|ut'nt'}'

31.50: a) Since the voltage drop between any two points must always be equal, the
parallel TRC circuit must have equal potential drops over the capacitor, inductor
and resistor, 50 v, = v, = v, = v. Also, the sum of currents entering any junction

must equal the current leaving the junction. Therefore, the sum of the currenis in
the branches must equal the current through the source: i =i, +i, + .

b) i, =+ is always in phase with the voltage. i/, = == lags the voltage by 90°, and

in =vwC leads the voltage by 90°.

c) From the diagram,

el
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7y 14
g =IRQ +(*FC_IL)Q =[EJ +[Vmc_ﬁ]

2
d) From (c): I=V\/RL2+[Q;C_L] Bt

el

31.51: a) At resonance, w, = L: w0C=L:> I, =Vu,C= r

JIE w, L o, L

=l s0l=1,

and { is a minimum.
2 2

by P, = 7“‘“ cos ¢ = ? at resonance where R < Z 50 power is a maximum.

c) At w = w,,f and Vare in phase, so the phase angle is zero, which is the same as a
series resonance.

31,58 4) BT, =SumT, =L == Y e
R 400Q

b) I, =VoC={(311V)(360 rad/s)(6.00x10° F)= 0672 A.

I i
c) ¢ =arctan | == | = arctan B57e4% =40.8°, leading the voltage.
i 0.778 A

d) I=yL +1." =J(0.778 A) +(0.672 AY =1.03A.
e) Leads since ¢ > 0.

1 ¥
N583a) I,=—; .=Vl I, =—.
R el
b)
i
12
Jl.'l' ——
Tt et
i
Lo : -
2 :
U i
i it
B i
4 s L
(] T — H
U___i:-:'.‘._::___._--.; __________________ B -
.00 24K 400 £ 84100 [ w
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c) w01, 5071 Swow—ord, 301, 50,

At low frequencies, the current is not changing much so the inductor’s back-emf
doesn’t “resist.” This allows the current to pass fairly freely. However, the current in the
capacitor goes to zero becanse it tends to “fill up™ over the slow period, making it less
effective at passing charge.

At high frequency, the induced =mf in the inductor resists the violent changes and
passaes little current. The capacitor never pets a chance to fill up so passes charge freely.

1 1
d) w= = =1000rad/sec = f=159Hz
VLIC  J(2.0HY0.50 10" £)

1L i)

sy

Ly

_ 7y W
&) I_\/(Rj +H(FaC—)

2 )
). (100 V(100057 )(0.50x107° F)—% =0.50A
200 Q (10005~ )(2.0H)
f) At resonance I,= I = Vi = (100 v)(1000 s )(0.50x107° F)= 0.05 A and
ol AT i
R 2000

31.54: a) Note thatas @ - o, L - owand . — 0. Thus, at high frequencies the

w ¢
current through R, is nearly zero and the power dissipated by the circuit is
V’E o'
Ve @AV ew
R, 40,082
b) Nowwelet » = 0,and so @ L — 0and % — o0, Thus, at low frequencies the
i
current through R, is nearly zero and the power dissipated by the circuit is
V’E 2
p=tm OV o060 kw,
R 60.0 1

31.55: Connect the source, capacitor, resistor, and inductor in series.
www.Freelibros.me



2 Ve 20,
P o=lmoosg— 7= ms OS¢ (120 V)'(0.560)
31.56: a) z ol (220 W)

= R=Zcosg=(36.702)(0.560)=20.6 (1
b) Z=yR*+ X, =X, =2 - R = (36.7)* - (206 )’ =304 Q2. But at
¢ = 0 this is resonance, so the inductive and capacitive reactances equal each other. So:

1 1 1 1
XC = — " C = = =
ol wX, 2fX. 2x(50.0Hz)(30.4 Q)

=36.702

=1.05x107" F.

2 2
¢) Atresonance, P= V— = w

= =699 W,
R 20.6 £2

31.57: a) m@:%z}{‘f,:xcmm@.

=350 2+ (130 Q)tan(-54°) =102 €2

by =2 R = ffeo o JUHOW) oo
(ISOQ
o) V..=I_7=I JRP4(X,—X.)

= V., = (0.882 A)(180 Q)" + (10282 - 350 Q)* =270V,

31.58: a) For w= 800rad/s, Z = JR* + (oL -1/ wC)"

= Z = /(500 Q) + ((800 rad/s)(2.0 H)—1/((800 rad/s)(5.0x 107 F)))* =1030 Q2
Vo100V

=—= =00971A =V, =IR=(0.0971 A)50002)=48.6 V.
Z 1030€

B 0.0971 A
wC (800 rad/s)5.0x107 F)
V, = fwL = (0.0971 AX800 rad /s)(2.00 H) = 155 V.

o= =243 V.

Alsonote ¢ = arctan(%@j — _60.9°,
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S T
i | LAY & v
110

Moltuze u

— 100

] : : : L
1,000 200 400 f.00 H.AKY I1hik 120 14.4)
i

b) Repeating exacily the same calculations as above for
w=1000rad/s: Z=R=500Q; ¢ =0,7=0200A;¥%, =V =100V;¥V, =V =400 V.

VIK:

a0

)

(1A} it 2
alluge [T T et LRI - Sl e
— X3 [,
N [ g e
B Y MO L
Sihd] : : :
~5i¥l : : ;
.0 200 400 .40 00 1040 120 140
Tinw:

c) Repeating exactly the same calculations as part (a) for
w=1250rad/s:Z = R=1030£;6 =+60.9°,7 = 0.0971 4; V, =48.6 V; V. =155¥V; ¥V, = 243V

Ty s
2 VL & ViR

1410
Wallg ]
=141
=20
=3I : : - -
HRES] 200 4400 LER LY 2.0 1004 120 (]
T
500 a] V=¥, d=re S0V _gosn
X, 4800
120V
b) Z= r = =160
I 075A

o Z=AR+(X,—X ]
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=X, =X .tVZ* - R =480 QiJ(lﬁo )* —(80 O)°
=X, =6190 or 341Q

d) If @ < w, thenXC=L>XL=wL.Forus,X£=34IQifm<:m0.
wC

31.60: We want P, () =maximum, P, (w, )= 0.01 B (x ) Maximum power implies

1 1 1
=== - =2.86x%10"2F.
JIC La?  (1.0%107° H)[2z(94.1x10° Hz)]?
2 2
P (m,)=001P, ()= — VUR? o T
R*+(wLl—-1/wCF 100\ 2R
- 2 —
100 R = B 4 (oL —1/wC) = R = J(PE= /@GP _ (wl-1jwC)
99 V99
P 27(94.0210° Hz)(1.00x107° H) — - !
/99 27(94.0 x10° Hz)(2.86 % 10
= R=0126Q

This answer is very sensitive to the capacitance so you may have to carry the first part
of the problem out to more significant fisures.

31.61: The average current is zerc because the current is symmeirical above and below
the axis. We must calculate the rms-current:

41%2 arz[2T" 1
It = = " g = ==
0= NS M 6
It Iz i
= (%= Z|=L=1,=2="L
6 )/ l2) 3 3 43
31.62: a) w, = L e ! =T86rad /s
YVIC T Ju80 H)9.00x107 F) '

b) Z=R+(wl-1/wC)

= 7 = /(300 )7 + ((786 rad /s)(1.80 H)— 1/ ((786 rad/s)(9.00x107" F)))* = 300 £

=7 . —V“‘“ —M—O.EOUA.
©Z 3000
c) We want
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v v AV
I:lfmoz_nm: ms = R 4+ (ol - wC)? = =
2 Z R +(wL-1fwC) Iy
:>m?L2+L—E+R?—ﬁ=U
22 2
w (2 Irmso
2
= ('Y IF + w® RQ—E—M;““ +LQ=0.
& B, 1B

Substituting in the values for this problem, the equation becomes: (w”)*(2.24)+
(427 %10°) +1.23 210" = 0.

Solving this quadratic equation in o° we find ©° =8.90%10° rad” /s° or 4.28 %
10° rad® /s* = w =943 rad /s or 654 rad/s.

d) (i) R=300€,1 _  =0.200, ‘wl - -:o?| =289 rad/sec. i) R=300,1_ =2A,
‘ml — | = 28 rad [ sec. (iii) R =3 Q I, =20A, ‘ml — | =288,

Width gets smaller as R gets smaller; f_ pgets larger as R geis smaller.

Vy_r

31.63:a) I, = g at resonance since X, = X ..

b) w =, + Aw is small compared to w,.

2
Z=\/R? +(mL—L] :
el

1Y ¥ s ;
o =m2€2(m o172

wl
2.4
w§=L50CQ= 2]4.Thus 2]2= > i >
LC Ly o CY (g + 2o + At
but A’ is very small so
2] — L?m; _ L?CU; o L?cog 1— 2Ma0 .
w C" (o, + 2mAm) i 20w g
+ prida el
@y
2 2
w2LC —1 = (e + 2y Aeo + Aeo?) i? e g O Lo L
g /T @y
i 5 a o 2 2N
Apgain, Aw" is very small compared to w,”, 50 w"LC —1# i
o
Putting this together sives
2 2 23
[mL — L] = L?mj[l ——M‘“’J {—ij _ gt AT
wC 0y g 0y
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But A" is much smaller than ;. Finally

o

Lo

2
[mL_i] e AL Aw® 50 Z 2 R* +410 A",

o 1-igoX 1Y
2 Z 2R

3R? 2R

R*+4'A0’ =4R S Aw =2 |—— =2 [-—.

4L 4 L
m=mai|f3—£but13—5{<L:>R<< E
4 L 4 L JLC 3

d) |m1 a:-?_|= 2Ahom = \E i . Mg R increases so does the width.

or Z*=(2R)%

M=EE§A'C:¢J 1 =1000 rad /sec;
156

¥ s iy =
e) (i) \{(2_50 H){(0.400x107° F)

|60, — 0, =43 2120914 =10.4 rad/sec. (ii)f, = 80A, w, =1000 rad/s, |, —c,|=1.04 rad/sec.

s P at resonance c.m[,=i Sof =K-

1 2 CL.?C. e
B (mL » —]
il oy

b) Vo =LomXe L

o max

" ReyC RVC
v v IL
C) Vme :Ima.xXL :EWOL = E E

2 2
d) Ucm=%CV§m LY .l

"7 FC 2R
R 1
S T o ety 0
) Ve e R R
31.65: w=——2,
2
a)I=£= ¥ = L3
Z
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C)VI=LX,=@-OL 14 I vl

A z Ve :
2 &
RE gL g 20
4 C 4 C
2
G 8, eappr o TV
4 C
7
b it
2
31.66: w=2w,.
2 I—V— v _ ¥V

by ¥ —ix, =] 14 _\E v/
e (RQ+3£ &
4 ¢
O) Fr S8 20l VQL_\/% 97
Bras. RF i
4C 5
2
d) U, lCVg— Ll .
LEX 2 CLET 9L
BB
4C
2
e) U, =—LI"= =

31.67:a) p,=i"R=1" cos’(wt)R =V I cos*(wt)) = %VRI(H cos(2:wt))

V.i
2T

R P Bdn
= P@(R)—EL p,di = L 1+ cos(eot))dt =2 [ =~ V.

b) p, = Lz’% = —wLi’ cos(w?)sin(wt) = —%VLI sin(2aot).

But f sin(2wt)dt = 0 = P_(L)= 0.

& pui, B 7\ _2;_ iy sin(wt)cos(wt) = - .1 sin(2wt)
&7 & ae) o = e 2 'c '
But f sin(2at)dt = 0 =P (C)= 0.
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dy p=p,+p,+p =VI cos?(mr)—%ﬂf sin(2a;t)+%VCI sin(2am#)
= P =1 cos(wt)(V, cos(wi)—V, sin{wi)+ ¥, sin{wi)).
But cos ¢ = V?R and sing = % = p =V cos(wt)(cos gcosiws)— sin ¢ sin(we)),

at any instant of time.

31.68: a) V, =maximum when V., =V, D w =, = :

Jic’

b) From Problem (321.43a), ¥, = maximum when CiVL = (. Therefore:
3]

b, o & Veo L

deo deo | JR? + 0oL —1/wC)*

- VI VL -1/’ O} L +1/e?C)

) JR+(@L—1/wC) (R* + (wL -1 wC)*y"*
= R+ (wl -1/ wCy =w*(I' -1/ 0*C?)

2l
. —£=—L:>LQ=LC—RC::>@= !

w'C? C Wit w 2 re_ RIC? J;gl

¢) From Problem (31.48b), ¥, = maximum when ‘ZVC = 0. Therefore:
o

av, . d v
dw _E{mCJRQ+(mL—1fmC)?}

V V(L -1/ w*CYE+1/»*C)
W Rt (@L1/wCy  CR +(wl—1]0C))”
= R +(wl -1/ wC) = - (@’ -1/ u*C?)

= 0=

2
—y RE +r:c;24[,2—E=—mQL2 = m= L—R—?
C LC 20
31.69: a) From the current phasors we know that
Z =R +(wl-1]wC)

1
(1000 rad /s)(1.25% 107°

2
S \/(400 ) + [(1000 rad /5)(0.50 H) — F)] _ 50001

:>I=E=M=0.4OOA.
Z 50082
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B wl =1/ (w)
b) ¢= arctan[iR J

5 g Mcm((moo rad /)(0.500 H)—;g’(}(lg(;ﬂﬂ rad /8)(1.25%10°* F)]= o—

c) £,=KR +i[mL—%]

: 1
=L = 4009—;{(1000 rad/s)(0.50 H) - (1000rad /3)(1.25%10° F)J

=400 £2—300 £

=Z= J(400 QY + (=300 Q)" =500

&1 - Voo 200V _[8+63‘]A
T Z. (400-300Q | 25

== [8+65]{8_65] — 0400 A.
25 L 25

ImZ ) 6/25
Re(f, ., 8/25

=px)

e) tang =

=075 = ¢ = +36.9°

£V, =I R= [8;563 J (400 ©2) = (128 + 96i)V.

v, =il ol= 5[8 +563J (1000 rad /5)(0.500 H) = (~120+ 160:)V.
I .

L 1 = (+192 - 256/)V
oC | 25 )(1000rad/s)(1.25%107 F)

§) Voo =Vy +V, +V,_ =(128+960 +(~120+160)V
+(192— 2561V = 200 V.
2
SR TN
¢ 3.00x10° m/s

b) Light travel time is:
.61 Yedta = (B years) (365 days) (24 hours) (3600 s)
(1 year) (l1day) (1 hour)
d =ct =(3.0x10° m,/s) (2.72x10% 8)=8.16 x 10"* m =8.16 x 10"* km.

=2.72x10%s

32.2: d=cAt=(3.0x10° m/s) (6.0x107 5)=180m,
32.3: Byut)=R_ cos(kz—cwth = B__ cos(?ﬂf[i ! fD ;

C

B(z)=(580%10% T dr(610x10%Ho) — 4|3
= B(z)=( # )cos{ ( # Z)[(3.00x]03m,/s)
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= B(z4)=(580x10™ T)cos((1.28 x 10" m™)z — (3.83 x 10*° rad/s)r)].
E(z,t)= (B,(zt)) % (ck)
= E(zt)=(1.74210° V/m)cos((1.28 x 10" m™")z — (3.83 x 10°° rad/s)ti.

8
Ay 4) g5 2HNXI0

Ao 4.35%107 m

] |
b) B - B _ 2.70x10 : V“Jm:9.00><10'12 T
c 3.00210° m's

=6.90x10" Hz.

c) The electric field is in the x -direction, and the wave is propagating in the —z-
direction. So the magnetic field is in the —y-direction, since § « E » B.Thus:

E(z,1) = E__cos(kz + w)i = E__cos [znf [i n fj}:
C

2.00x10° m/s
= E(z,5) = (2.70 x10™ V/m) cos((1.45 x 107 m™)z + (4.34 10" rad/s)5)i.

— E(z.£)=(2.70 107 Vim) cos [zﬂ—(syo 10 Hz)[t +;DE

e (Z D 5 (9.00x10™% T)cos((1.45x 10" m™ )z +(4.34 x10%rad/s)) ]

32.5: a) + v direction.
E
- an— g 2 2rc 2:?(3.00x11?0 my's)
w  (2.65%x10° rad/s)
c) Since the elec[rlc field is in the — z -direction, and the wave is propagating in the
+ v -direction, then the magnetic field is in the — x -direction (E o« E * E). So:
By, =200 2 ey anyi =
C [

C
. 5 12 !
e 3.10)(]08\7/11’1 o [(265x10 Srad,/s)y_(z_ﬁsxmm radfs)s |
3.00210° myfs (3.00210° mys)

= Biv,H)=—(1.03x107 T) sin((2.83% 10" m)y — (2.65 %10 rad/s))i.

=711x10" m.

(e2) =
y—ox)i
C

32.6: a) —x direction.
Bt e 2z Z‘Tf ke (. 38 %10* rad/m) (3.0 x 10° m/s)
1

= f=— =6.59%10" Hz.
c 2 2T

c) Since the magnetic field is in the + y -direction, and the wave is propagating in the

— x direction, then the electric field is in the + z direction (S « E » B). So:
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E(x,1) = +cB(x, 1)k = +cB, sin(kx+ 27 )k
— E(x,f)= Hc(3.25%107 TY)sin((1.38 x10* rad/m)x + (4.14x 10" rad/s)i)k
= E(y,1) = +(2.48 V/m)sin((1.38 x 10* rad/m)x + (4.14 x 10 rad/sit)k.

e 3.00x10° mfs

W Ay =S 2 361m.
f  830x10°Hz
B s 2T b
A 36lm

¢) w=2xf =2m(8.30x10° Hz) = 5.21x10° rad/s.
E_ =cB__ =(3.00x10°m/s) (4.82 107" T)=0.0145 V/m.
-3
0.8 B - Epp _ 385x10 Swm
c 3.00 210" m/s
B, 1.28x10™'T

=128 x107" T,

So /== = =2.56x107" and thus B___is much weaker than B__ .
B.. Sx107°T
88 Beybe D o e e EE
\'@ \{KEEOKBFO JKEKB
2 ¢ -
_ g (3.00x10 m/s) (3.80x10 T):0__!,7,9%1L
J(1.74) (1.23)
8
AT P N T
JELK, (364 (5.18)
T
By Ko BEHEAOTOR g
i 65.0 Hz
-3
& g B TR W 6 g0
v 6.91x107 m/s

EB  (7.20x107 V/m)(1.04x107° T)

d) I=
2K 5t 2(5.18)

=5.75%10" W/m".

Blia) aoro217x100mis

f 5.70%10" He

2
By By =S ORI B e T
F 570107 Hz

=381=107 m.
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3.00x10°
oy e B D T8y 0
v 2.17%10° mfs

2

d) v=—re= K, = =n" =(1.38)? = 1.90.
=

s

32.12: a) v= fh=(3.80x107 Hz)(6.15 m) = 2.34 x 10° m/s.
¢’ (3.00%10° m/s)®

== — =164

¥ (2.34%10° m/s)

b) K=

32.13:a) I= %EOCE:]”; E__ =0090V/m,s0f =1.1x10" W/m"

by E_ =c¢B, s0B_ =E_ fc=3.0x10""T
c) P, =I(4m")=(.075x107 W/m*)(47)(2.5%x10° m)* =840 W
d) Calculation in part (c) assumes that the transmitter emits uniformly in all directions.

32.14: The intensity of the electromagnetic wave is given by Eqn. 32.29:

I= %SOCE;H = g,cE. .. Thus the total energy passing through a window of area 4 during
atime ¢ is

sycEL At = (8.85x107"F/m) (3.00 x10° m/s) (0.0200 V/m)*(0.500 m*)(30.05) =15.9z]

3215: P, =1(42")=(5.0x10° W/m")(47)(2.0x10°m)" =2.5x107 ]
32.16: a) The average power from the beam is

P=I{=(0.800 W/m®)(3.0x 107 m®) =2.4%10~W
b) We have, using Eq. 32.29, I =L g,cE?_ = 5,cE”. . Thus,

0.800 W/m’
L = fon =174 V/m
ge Y (8.85%x107° F/m)(3.00 x10° m/s)

3217 p =1Ifc so I=cp_, =270x10° W/m®
Then P, =I(4m)=(2.70 x10° W/m?) (47) (5.0 m)* =8.5%10° W

]
32.18:a) f=S= 300%10° mfs _ g 4oyt By,
% 0354m
oy g, ~Tme, OOV _ o pios
¢ 3.00x10° m/s
=10
o i B _ (0.0540 V/m) (1BOX10™°T) _ o o S,

24, 2p,
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2
32.109: P=5, A= m uptys g = [P

iy 2"
S
_ 5, - [©0W)G00x10° W) _ 15 0 /m
27(5.00 m)
E ; .
g —fee  120V/m 00 g0,

¢ 3.00x10° mfs

32.20: a) The eleciric field is in the — y -direction, and the magnetic filed isin the + z -

direciion, 50 §=ExB-= (—_f) %k =—1. That is, the Poyoling vector is in the —x -
direction.

By S(Eny= SR —Emfm co8 (o + )

E

— 22 (14 cos(2(@rf + k).
24,

But over one period, the cosine function averages to zero, so we have:
aw | '
24,

2z
32.21: a) The momenmm density d—p = S‘fz" = M =8.7x107" kg/m” -s.
dv ¢ (3.0x10° mfs)

2
b) The momentim flow rate Sige = O, 150 W/m

Add ¢ 3.0x10°m/s

—7s=2.6x10"5Pa.
Addt ¢ 3.0x10° m/fs
5 z
32.22: a) Absorbed light: p_, = Lgp =2 = e W/m =8.33%107° Pa.

8.33x107° Pa

=5 =
P = 013510° Pajatm

=8.23%10" atm.

ddi ¢ 30x10°mfs
1.67x107° Pa

B 1.013 210° Pa/ =1.65x10"%atm. The factor of 2 arises because the
. s a/ atm

25 2
By REHRGHRE AN = D S, A 2000 W/m’)

=1.67%107" Pa.

= P

momentum vector totally reverses direction upon reflection. Thus the change in
momentum is twice the original momentim.

2
¢) The momentum density i e 200 W/m

ke e S B Nl 17 e
a4V & (2.0x10° mfs) e/
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32.24: Recall that S «c E » B , 50:

N B =B oI 3RIT
- - = e
E » B isin the direction of propagation. For E in the +x -direction, E x B is inthe +z -

i
direction when B is in the + v -direction.

e — = =2.00 m.
2f  2(75.0x10" Hz)
b) The distance between the electric and magnetic nodal planes is one-quarter of a
A Ax 2.00m _1.00m

wavelength= — = —=
4 2 2

2
32.26: a) Ax:% ¢ 3.00x10° m/s

&
32.27: a) The node-antinode distance= * = Ddbiy mm;’s =4.38%107m.
4 4F 4(.20x10" Hz)

b) The distance betwreen the electric and magnetic antinodes is one-quarter of a
2
wavelength = b Sh e 1101’1;’5 =4.38% 107 m.
4 47 4(1.20x10" Hz)
¢} The distance between the electric and magnetic nodes is also one-quarter of a
wavelength =

S
L_ v 230%10° 0l g0 ves

4 4Ff 4(1.20x10" Hz)

h_ ¢ _ 3.00x10° m/s
2 2f 2(7.50x10° Hz)
at the planes, which are 80.0 cm apart, and there are two nodes between the planes, sach

20.0 cm from a plane. It is at 20 cm, 40 cm, and 60 cm that a point charge will remain at
rest, since the eleciric fields there are zero.,

32.28: Ax_, = = 0200 m = 20.0cm There must be nodes
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32.29: a) sz%:)kz 2Ax = 2(3.55 mm)=7.10 mm.

b) Ax, =Ax, =3.55 mm.
¢) v=fh=(220%10" Hz)(7.10x10™ m) =1.56 x 10° m/s.

SE,(x1) & N 8 .
—2 "= —(-2E_,, sin kxsin wt) = — (=2kE,_,, coskxsin wt)
o o o

OE,(xt) o?
————=2k"E_ sinkxsine¥=—72F _sinkxsino¥ = g0,
Ok C
2 2
B0t _ O op  coskecosar)= 2 (12kB,_ sinkxcos o)
o Ox &
&°B_(x,t ? &*B_(x,t
% =2k"B__coskxcosar = m—?ZBm CO5 kX COSEM = &£t %
C
CE (x,t) & 5, 8 .
by ——>=—(-2E__ sin kxsin ax)=—2kE_,_ coskxsin ot
O &

OF (x,1) ) ) E ; ;
ij=——2EmcosF<xsmwt=—w2 =*coskxsin o =—w2 B coskxsin wt.
C €
OF (x,f
:}#=+£(28mcoskxcosax)=—w.
O ot of
Similarly: _w = aﬂ(usm coskxcos ax) = —2kB__ sin kxcosor
A9 A9

L B.(x1)

32.30: a)

2
O°F (x,1)
ot
Similarly:

_EZBm sin kxcosax = —%ZCBM sin Ax cos e
£ c
o OF  (x,t
= —# =—g,HW2E_ sinkxcoser = 5,4, %(—2.5“ sin kxsin ox) =50#0#.

o

8
32.31: a) 'G:;u:m:namys:?L=5=M0mm/S
F  6.50x10° Hz
c  3.00x10° m/s

b) Greenlight:k=———14=5.22><]0_?m=522nm.
F 575x10"Hz

=4.62%x10™ m=4.62x10" nm.

]
39380y fo O 3OO e igva,
% 5000 m
2
b) f—ﬁ—w—s.oxmmz_
% 5.0m
]
g p=2 TMWE o,
% 50x10° m
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¢ 3.0x10° m/s %
d =—=——"—"—=6(.0x10" Hz.

L sam )
32.33: Using a Ganssian surface such that the front surface is ahead of the wave front (no

electric or magnetic fields) and the back face is behind the wave front (as shown at right),
we have:

3€E-d2=ExA=Q=nﬂ=0:>Ex=0.

2
§B-dAd=B4=0=B =0

S0 the wave must be fransverse, since there are no components of the electric or
magnetic field in the direction of propagation.

—- 1

S
E=H=1
I

Lo b

32.34: Assume E = E__jsin(kx —ox) and B = B__ ksin(kx — ot + @), with — 7 < ¢ < 7.
Then Eq. (32.12) implies:

6E, aB
5 =——2x = +kE_ cos(hx—wi)=+4aB_ costhx—wt+9)= ¢=10
c
Sup —ab g =Bp W g _ s o
k 2k

Similarly for Eq.(32.14)

&B GE,
——2 =gl = = —kB_ . cos(kx —ax+ @)= —gtip0E ,, coslkx — o) = 9= 0.

o
Ty e B g g ol
k

=kB_ =sumE =B = :
max 01“0 max mux max CQZJTJ'IA ma C’E max & max

o(0E (xt)) 8 8B, (xt 8B (x,t
32.35: From Eq. (32.12):5[1’—)}—(_ (%, )]:_ (5:7)

G o ot ot
& [ 6B (x,1) o OE (x,1)
But also from Eq. (32.14); ——| ——— |=— bR
ut also from Eq. ( ) ax[ = ] ax(foyo =
8°B_(x,1)
—_ K S e
oy Py
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&*B,(x,1)

8B, (x,1)
= o, - = 04“() af?

o

32.36: E,(x,t)=E,,, cos(kx—at) > u, = IESOE? = %SOE;)( cos(kx — an)

2 2 2z
=, = € [Eﬂ] O L e
2 c 244, 2ty

:uﬁ

32.37: a) The energy incident on the mirror is P = L4t = lzfocEgﬁt

= E= %go(s.ooxms m/s)(0.028 V/m)* (5.00x10™ m*)(1.005) = 5.20x107° 1.

b) The radiation pressure p_, = 2L g,E° = £,(0.0280 V/m)” = 6.94 107" Pa.
[

c) Power P=1-47R" =cp_27R"

= P=27(3.00x10° m/s)(6.94 10" Pa)(3.20 m)? =1.34 x10~ W.

¢ 3.00x10° m/s

3238:a) f=—— = 7.81x10°Hz
»  0.0384m

E :
by B, = lms _ 185 ngm
3.00x10° m/s

=4.50%x107 T.

c) I= %SOCE;H = 1250(3.00x103 m/s)(1.35 V/m)* =2.42x10™ W/m",

_ L4 EBA _ (1.35V/m)(@.50x107 T)(0.240 m*)

d) F=p4 - =1.93x10™"* N.
c  2uc 244, (3.00210° m/s)
=3
32.39: a) The laser intensity I=£ = 4P2 T il 5 Wg =632 W/m?.
4 @ m(2.50x107 m)
i
Butd oo n bt (20 o 1 2002 w/fl ) _701V/m.
2 £, 5,(3.00%10° myfs)
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And p=E__T0IV/m o 0T,

¢ 3.00%10° m/s

B s, . = igo.h:;ﬂ = ig" (701 ¥V/m)* =1.09x10™° J/m”. Note the extra factor

L. ;
of 5 since we are averaging.

c) In one meter of the laser beam, the total energy is:
E_, =u, Vol =2u_(4L)=2u D" L/4

= E_, =2(1.09%x107 J/m*)r (2.50x 107 m)" (1.00 m¥4=1.07 107" 1.

32.40: a) The change in the momesnium vector determines p_,. If W is the fraction

absorbed, AP = Pow— Pin = (1—W)p—(—p) = (2~ W)p.Here, (1—W)is the fraction
reflected. The positive direction was chosen in the direction of reflection. p is the
magnitude of the incoming momennum. With Eq. 32.31, and taking the average, we

get p, = (2 - W)L, Becareful not to confuse p, the momentum of the incoming wave,

with p_,, the radiation pressure.

b) (i) totally absorbing W =1s0 p_, = %

(ii) totally reflecting ¥ =030 p_, =%

These are just equations 32.32 and 32.33.

_(2-0.9)(1.40x10° W/m")

4 =5.13x107°Pa
3.00%10° =

c) W=0917=140x10"Wm"= p_,

_ (2-0.1)1.40x10" W/m®)

= =8.87x10™ Pa
00= =

W=01I=140x10"W/m" = p_,

32.41: a) At the sun’s surface:
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P P 3.9%x10% W
4 4R 47m(6.96%10° m)°
e 64 10" W/m*
™ e 3.00x10° mfs
Halfway out from the sun’s center, the intensity is 4 times more intense, and so is the
radiation pressure: p_,(R__/2)=0.85Pa.
At the top of the earth’s ammosphere, the measured sunlisht intensity is
1400 W/m* =
5% 107 Pa, which is about 100,000 times less than the values above.
b) The gas pressure at the sun’s surface is 50,000 times greater than the radiation
pressure, and halfway ont. of the sun the gas pressure is believed to he abont 6 x 10°

times greater than the radiation, pressure. Therefore it is reasonable to ignore radiation
pressure when modeling the sun’s interior structure.

P=I4d=1

= 6.4%107 W/m®

=0.21Pa.

32.42: a) S (x,0)= Em;ﬁ(]—cos 2 (foc — ) = S(x, 1)< 0= cos 2k — ) > 1,
M

which never happens. So the Poynting vector is always positive, which makes sense since
the direction of wave propagation by definition is the direction of energy flow.

b)

& _db, dB, . d

dB
3243:a) B= = — = — =" 4= ki
) S & dr Hold

So, fFE-dE:—dzﬁ :>E2ﬁr=—y0m%=—yonm?g
:E__pcnr£
2

b) The direction of the Poynting vecior is radially inward, since the magnetic field is
along the solenoid’s axis and the electric filed is circumferential. It’s magnitude
s EB _ ton'ri di
Hy 2

www.FreelLibros.me



Ly 7 2%

B’E Ty 2:2
o) i AR RY iyt
24, 24, 2 2
-2 ’Eg
But also U/ =% =Li= i M— Hym ila”, and so the rate of

i 7
’ : : _— di :
energy increase due to the increasing current is given by P = Lj 5 = gyan il —
4

d) The in-flow of electromagnetic energy through a cylindrical surface located at the

£t mﬂ-b’mf yo;m?ifazﬁ.
dt d

solenoid coils 1sj .[S dA = S2xal =

e) The values from parts (c) and (d) are identical for the flow of energy, and hence we
can consider the energy stored in a current carrying solenoid as having entered through its
cylindrical walls while the current was attaining its steady-state value.

32.44: a) The encrgy density, as a function of x, for the equations for the electrical and
magnetic fields of Egs. (32.34) and (32.35) is given by:

u=g,E* =4¢,E"_ sin’ kx sin ext

b) At t=i,cos wr=cos£=iand 5in mt=sin£=i.
4o 4 4 42

V2

For 0<x<§,sinkx>0,cos kx>0=>S=ﬁ'><f3=—}xi§=—i.
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Sea'ed cnevey deneiny

000 04D GED 10 LED MO0 740 280

. sl
Seubstl enerey density M

DX A sl T2 L 2l e 2H0

1
DG b AR e O

Sealzd erermy densing Y

OO A0 QUED L2 LAl 00 2A0 2En
IR

:
Selid ey denity

CuX U sl L2 LED ol Zdo 2
Fan A

Sealzd ey denslny

2
LR : i : : -
UL 0 Gesd L TaR 00 D40 20

RS

-~ - -~

And for %<x<%,smkx>ﬂ,cosh<0:> —ExB=_]}x k=1

Att=3—;7,005600f=coss—ﬁ=—i ands.inwt=si113—jr=i

4e 4 2 4 2

For 0 {x{%,smkx>0,cosia>0:§=ﬁ‘x3= f k=1,

And for §<x<%,smkx>o,cosfa<0:>S‘:E><B=}><_:E= i

c) the plots from part (a) can be interpreted as two waves passing through each other
in opposite direciions, adding consiructively at cerfain times, and destructively at others.

3245:a) E=paf = % = EQ , in the direction of the current.
Fit:

b) :{;E i e Hod = B = gj—of, counterclockwise when looking into the current.
T3

c) The direction of the Poynting vector S=ExB=Fkx ;5 =— p, where we have used
cylindrical coordinates, with the current in the z-direction.
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I 2k
Its magnimde is Szﬁzip—i&: P‘; T
Hy Hgma 2ma 27°a

2 b
L

d) Over a length /, the rate of enerey flowing in is S4 =
2ra ma

T

2
The thermal power lossis I°R=1" %E = e which exactly equals the flow of
ma

electromagnetic energy.

3246: B=L" and §, E-ad=Ed=% = p=—% 50the magnitude of the
2ar = TS
Poynting vector is 5 = 2 = ng = 4 53 d_q
ty 2em7y 2,7ty di
Now, the rate of energy flow into the region between the plates is:

2 2
j .l‘s.dA:S(gﬂyg): quﬂ:l Egd(qui liq? _dlg |_dU
st d&t 2emt di drl 2 &4 drl 2C ot

This is just rate of increase in electrostatic energy U stored in the capacitor,

2
32.47: The power from the antenna is P=74 = Cf;‘“élﬁr?. So
Hy

24P 244, (5.50 x 10 W
B = Hal i 3) —242%x10° T
Al | 4m(2500 m)?(3.00x 10° myfs)

:%: @B =2mB_ =27(950%10" Hz) (2.42x10° T)=1.44T/s

dD dB_ D" dB _ (0180 m)* (144 T/s) _

SO 0.0366 V.
dt & 4 d 1
3 2
AR Tt samt s me |2 R0 wj%m ) 242 V/m.
4 2 £, £,(3.0010° m/s)

32.49: a) Find the force on you due to the momentum carried off by the light:
Poy=flcand F=p_, 4 gives F=Idjfc=P /c

z,=F{m=P_[(mc)=(200 W)/ (150 kg)(3.00x10% m/s)] = 444 x 107 m/s*
Then x— x, = vyt + ba,¢? gives 1= J2(x —x, )/ a, = y2(16.0 m)/(4.44 x 107 m/s”) =

8.49x10*s=23.6h

"The radiation force i3 very small. In the calculation we have ignored any other forces on
YoIL
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b) You could throw the flashlight in the direction away from the ship. By conservation
of linear momentum you would move toward the ship with the same magnitide of
momentum as you gave the flashlight.

o T RS W PR
4 2 ds,c Asgye

g [27 | 2(5.00x10° V) (1000 A)
As,e V(100 m? ), (3.00 x 10° m/s)

=6.14 %10 V/m.

_E_614%10 Vim —2.05%10° T,
¢ 3.00x10° m/fs
_GMm _GM, _4;&?3,9 B 4;:GMSR-",G_
y e 3 3

b) Assuming that the sun’s radiation is intercepted by the particle’s cross-section, we
can write the force on the particle as:
pol4_ L R® IR"

c 4m? ¢ der®

32.51:a) F,

c) So if the force of gravity and the force from the radiation pressure on a particle from
the sun are equal, we can solve for the particle’s radius:

47GM R’p  LR* 3z
: =—=R=———.
3 der 162GM , pc
s 3(3.9%10° W)
167 (6.7 10" N-m®/ke?) (2.0%10* kg) (3000 kg /m*) (3.0 x 10° m/s)
= R=19%10" m
d) If the particle has a radius smaller than that found in part (c), then the radiation

pressure overcomes the gravitational force and results in an acceleration away from the
sun, thus removing all such particles from the solar system.

F,=F=

32.52: a) The momentum transfer i3 always greatest when reflecting surfaces are used
(consider a ball colliding with a wall—the wall exerts a greater force if the ball rebounds
rather than sticks). So in solar sailing one would want to use a reflecting sail.

b) The equation for repulsion comes from balancing the gravitational force and the
force from the radiation pressure. As seen in Problem 32.51, the latter is:
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fromo B el o fE o O A g RGO
dm'c F dm'c 2L
P 5 #x107 N-m?/ke®) (2.0 x10*° kg) (10000 kg) (3.0 x 10° m/s)

(2)3.9%10% W

6.48 km”
(1.6 km/mile)*
c) This answer is independent of the distance from the sun since both the gravitational
force and the radiation pressure go down like one over the distance squared, and thus the
distance cancels out of the problem.

32.53: a) g'a’ | C'(mfs") =Nm=J=w=[dE}
T bt | (€YN-mP)(mfs) s s dt |

b) For a proton moving in a circle, the acceleration can be rewritten:
'y Vi L’ _ 2(6.00x10° &V) (1.6 x 107 JfeV) 1.53x10° mfs?.
R imR (1.67 %1077 kg) (0.75 m)
The rate at which it emits energy becanse of its acceleration is:
dE  q'a"  (16x107°C)*(1.53x10"” m/fs’)’
dt  brec’ 675,(3.0%10° m/s)*
=832x107° eV/s.
So the fraction of its energy that it radiates every second is:
(dE/df)(1s) 8.32x107° &V
E  6.00x10° eV

c) Carrying out the same calculations as in part (b}, but now for an electron at the same
speed and radius. That means the electron’s acceleration is the same as the proton, and
thus s0 i3 the rate at which it emits energy, since they also have the same charge.
However, the eleciron’s initial energy differs from the proton’s by the ratio of their
masses:

= 4=648%10° m* = 648 km" = =2.53mi”

=1.33x107% Jfs

=1.39x10™"",

me

=3273 V.

=3l
= (6.00x10° ev)w
= (1.67x107% kg)

F
So the fraction of its energy that it radiates every second is:
(dE/dt)(ls) _ 8.32x1077 eV
E 3273 eV

E,=E,

=2.54%107%

32.54: For the electron in the classical hvdrogen atom, its acceleration is:
5 Ak Lmy® _ 2(13.6eV)(1.60x 1077 Jfev) ———
R imR  (911x107 kg)(5.29%107" m)
Then using the formula for the rate of energy emission given in Pr. (33-49):
dE _ ¢*a" _ (1.60x107°C)’(9.03x10” m/s?)’
dt bmec 615,(3.00x10° m/s)’
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dE

= — =4.64%10" J/5 =2.89x 10" eV/s, which means that the electron would almost
immediately lose all its energy!

32.55: a) E,(x,8)=E, ™" sin(kx— o).

¥

i
&'E,
ax2

= E__ (~k)e™ sin(kx—ot)+ E__ (+k.)e ™" cos(kx —ar).

=E__ (+k))e7 sin(k x — )+ E__ (—k )™ cos(k.x — wt)

+E_ (ke cos(h x—ax)+ E_ (—k7)e™ sin(k_x - o)
=2E__k'e™™ cos(k_x — ax).
ok

¥

E__ e wcos(kx— ar).
ot

8°E E
Set ax—?_y= Ju@ X

= 2E_ k'™ cos(kx—oar)= E_, e @ cos(k.x— ot). This
2
will only be true if . ork, = ]
® o 22
b) The hint basically answers the question.

-5
R BV A T
e k. Tl 27(1.0x10° Hz)y,

331: a)v

C

3.00 x10°
5 i =2.04 x10° m/s.
1.47

¥

~7
B 25 (000D P T
. 1.47

33.2: a) &

VACTIImL

. 3.00x10° mys

S _517%107 m.
£ 5.80x10" Hz

C

8
by Mo == ROORID WS _ i 1™
fr (580x10% Hz)(1.52)

c_300x10°mis _ .,
3 n=—=—————=1.54.
333 a) T 194%10° mss

py ko =7k =(154)(3.55 %107 m) = 547x107 m

% (4.38 %107 m)(1.333)
33.4:  Pvmatlume =3 == =

- 1.501
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33.5: a) Incidentand reflected angles are alwaysequal = 8’ = 8, = 47.5°.

.
by O =28, =" _arcsin| Zasin g, =f—arcsm[@sm42.5° = 66.0°.
) 2 2 ", 2 1.66 J

d  250m ;

L v=— =S —217x10° mfs
33.6: ¢t 11.5%1073 /
c  3.00%10° m/s

v 217 %10° mis

H =

=1.38

33,7, ", 8ing, =u, sind,

— =1.00[S_"T£J=1.194
sin &, sin 48.1°

n=cfvsov=c/n=(3.00x10° m/s)/1.194 = 2.51 x 10° m/s

3318 (a)

air oliss methanal

Apply Snell’s law at both interfaces.
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At the air-glass interface:
(1.00)sin41.3°=n_ sine
At the glass-methanol interface:
Mg, 86 = (1.329)5in 8 2)

Combine (1) and (2):
5in41.3°=1.329sin &

&#=29.8°
(b) Same fisure as for (a), except # = 20.2°

(1.00)sin 41.3° = n sin 20.2°
rn=191

33.9: a) Letthe light initially be in the material with refractive index #, and let the third
and final slab have refractive index s, Let the middle slab have refractive index #;

st interface:x, sind, = sin

2nd interface :# sin 8, =, sin g,

Combining the two equations gives », sin8, = #, sin ,.

b) For N slabs, where the first slab has refractive index #, and the final slab has
refractiveindex »,,n sinfd, = sinf,n sind =wu,sinfd,,..., n, ,sind, , =n,sin b,
This gives #_ sin &, = #, sin #,. Tha finaldirection of iraveldepends on the angle of
incidence in the first slab and the indicies of the first and last slabs.

", 1.00
: &, .. =arcsin —=—sinf = arcsin(—sin 35.0"] =235.55
33.10: 3,) ez (Hwalm J 1.33

b) This calculation has no dependence on the glass because we can omit that step in the

chain :n, siné, =n,, sinf,, =n_ sng__.

33.11: As shown below, the angle between the beams and the prism is A/2 and the angle
between the beams and the vertical is A, so the total angle between the two beams is 2A.
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A2 A2
33.12: Rotating a mirror by an angle# while keeping the incoming beam constant leads
to an increasein theincident angle ¢ by &. Therefore the angle between incoming

and outgoing beams becomes 24 + 2¢ where an additional deflection of 24 arose from the

muirror rotation.

33.13: &, = arcsin (n—" sind, J = arcsin [%sin 62.0"} = 71.8°

My

5 | ¥y o 33 g
31.14: a, =arcsm[—su13a]=arcsm [_1.5251[1 45.0 J=38.2. But this is the angle

s
from the normal to the surface, so the angle from the verticalis an additional 15° because of

the tilt of the surface. Therefore the angle is 53.2°.

33.15: a) Going from the liquid into air:
1.00

% —sing, = n, =——_=148.
", sin 42.5°
So:#, = arcsin %o sin &, =arcsin[ﬁsin 35.0"]:58.1".
7, 1.00

b) Going from air into the liquid:
8, = arcsin [H—"sinﬂa J = arcsin [%sin 35.0"] =22.8%

iy

33.16:

Ema -
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If 8 > critical angle, no light escapes,
so for the largestcircle, @ =4,
M, 8in#, = u, sin 90° = (1.00)(1.00) =1.00
8, =sin"(1/n,)=sin"" 1 _ge

1.333
tand = R/100m— R=(10.0m) tan 486°=113 m
A=nR" =x (13.3m)’ =401 m"
3317, Forglass — water, 4, =48.7°

", 1.333

n,5in8 , =, 8in90°% 80 1, = — =— =1.77
sinf_,  sind8.7°

33.18: (a)

alr B

Totalinternal reflection occurs at AC: 7 sin 8= {1.00)5in 90° =1.00
(1.52)sin & =1.00
8=41.1°
a+8=90°—>aq=90°-41.1°=48.9°
If e is larger, & issmaller and thus less than the critical angle, so this answer is the

largest that orcan be,

(b) Same approach as in (a), except AC is now a glass-water boundary.
nsiné = n,sin 90°=1.333
1.52 5in#=1333
H#=161.3°
o =90°—61.3°=28.7°

33.19: a) The slower the speed of the wave, the larger the index of refraction—so air
has a larger index of refraction than water.
By B e | | a2 ] i STV |y
7 v 1320 m/s
c) Air. For total internal reflection, the wave must go from higher to lower index of
refraction—in this case, from air to water,

a «  waler

H

33.20: 6. = arcsin | 2 | = arcsin [ﬂ} 24.4°,
2.42

a
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33.21:a) tané, =" _tans545°=140= n, =1.40.
)

a

1.00
b) 8, =arcsin| —2sin 8, | = arcsin [— sin 54.5°J —35.6°.
n, 1.40

33.22 : From the picture on the next page, #, =37.0° and so:

sin 8_ sin 53°

=1.33 =1.5%
h

Hy =H,

sin &, sin 37°

=1.65.

33.23: a) tnd, = L=, = mﬁbg o m;';lﬂzo
¥ ' i

by &, =arcsin %o gin 8, |=arcsin [ﬁ sin 3].2"] =58.7°
, 1.00
33.24:a) Inair 8, = arctan {”—b} = arctan (%J = 58.9°.

e

]

b) In water 8, = arctan | 2 | = arctan | 22 | 51,30
n 1.33

[+

33.25: a) Through the first filter . [| = %IO.

The second filter : 7, = %IC cos’ (41.0°) = 0.2857,.
b) The light is linearly polarized.
33.26:2) I=17_cos’p=>T=1_ cos’(22.5°)=0.8541
b) f=1_cos’p=F=1_ cos’(45.0°=0.500/__
c) I=I_cos’d=I=1I_cos (67.5°)=0.1461_,_

33.27 : After the first filter the intensity is 4 £, = 10.0 W/m" and the light is polarized
along the axis of the first filter. The intensity afier the second filter is f = Iocoszgé,where
I, =10.0W/m® and w = 62.0°— 25.0° = 37.0°. Thus,/ = 6.38 W/m".

33.28: Let the intensity of the light that exits the first polarizer be [y, then, according to
repeated application of Malus® law, the intensity of light that exits the third polarizer is

75.0 W/em® = 7, cos? (23.0°) cos?(62.0°— 23.0°).
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75.0W/cm®
cos°(23.0°) cos” (62.0° —23.0°)
on the third polarizer after the second polarizer is removed. Thus, the intensity that exits
the third polarizer after the second polarizer is removed is
75.0 Wiem® cos” (62.0°)
cos”(23.0°) cos”(62.0° - 23.0°)

Soweseethatf, = , which is also the intensity incident

=32.3W/cm®.

33.29:a) I - %Ic,, I,= %Iocosz(éls.(]“) = 0.2501,, I, = I,cos* (45.0°) = 0.1251,.

b) [, =%fo,fg =%Iocosi (90.0°y= 0.

33.30: a) Allthe electric field i3 in the plane perpendicular to the propagation direciion,
and maximum intensity through the filters is at 90° to the filter orientation for the case of
mininum intensity. Therefore rotating the second filter by 90° when the situation
originally showed the maximum intensity means one ends with a dark ceIL

b) If filter P is rotated by 90°, then the eleciric field oscillates in the direcrion pointing
toward the P filter, and hence no intensity passes through the second filter: see a dark
cell

c) Ewven if P; is rotated back to its original position, the new plane of oscillation of the
electric field, determined by the first filter, allows zero intensity to pass through the
second filter.

33.31: Consider three mirrors, 3 in the (x,y)-plane, 3 in the (y,z)-plane, and Af; in the
(x,z)-plane. A light ray bouncing from Af; changes the sien of the z-component of the
velocity, bouncing from Af; changss the x-component, and from Af; changes the y-

component. Thus the velocity, and hence also the path, of the lizht beam flips by 180°

33.32: a) 4, = arcsin {i 5in 8, J = arcsin [v—b sind, J = arcsin [ljjf

s hs

by @, avestn | - | urenin| o | <1548
1480

Vi

sin 9.?3"] =46.6°

33.33: a) msind =wn,sind, and u, sinf, = w,sind,, s0 % sinf = w, sin f,
sinfy, =(m sinfd)/m b)nsiné = sind, and i, 5in B, =n sind, s0n 50 =
#, 5in &, and the light malkes the same angle with respect to the noral in the material with
#, as it did in part (a).

c) For reflection, #, = 4,. These angles are still equal if 8, becomes the incident
angle; reflected rays are also reversible.

33.34: It takes the light an additional 4.2 ns to travel 0.840 m after the glass slab is
inserted into the beam. Thus,
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0840 m 0840m 0.840 m
= =(n-1 =

c/n c ¢

4.2 ns

We can now solve for the index of refraction:
. (4.2x10735) (3.00210° r/s) -
0.840 m

The wavelength inside of the glass is
490 nm

2.50

=2.50.

A= =196 nm = 200 nm.

33.35: 4, =90°—arcsin LS 90° — arcsin [@] =43.6°.
", 1.38

7, 5in 8, }: — (1.38 sin(43.6°)

But »_sind, = u,sind, = 8, =arcsin[ 100 ]= it

s

a

33.36: n, 5ind, = n, sind, =, sm[i_a]

= (1.00)s5in#, =sin 2 (iJ =2 sin(ﬂjcos [ﬂJ = (1.80)sin EH—GJ
2 2 2 2

= 2 cos (%’J =(1.80)= & =2 arccos [%] =51.7°

33.37: The velocity vector “maps out™ the path of the light beam, so the geometry as
shown below leads to:

with the minus

v v

a ¥
va=v,andé?a=9,:>arocos[ ”]=a,rocos[—y]:>va =—v ,
kN . ¥
a

3 Y
sign chosen by inspection. Similarly, = arcsin { << J = arcsin{ s J:b Y, Y
v V

a ¥

4 X
333814 h = (), + (#0),, = %ﬂw g;*"" n= (0'0]8504';‘ 1%2025 L 5?1'302;50(1?‘ X
£ = m ¥ b Il

(1.40) = 3.52 %10".

www.FreelLibros.me



A et | AR o disin| B | —atesin [QJ PO B
0.00310 m . . 5in(40.7°)

Note: The radius is reduced by a factor of two since the beam must be incident at #__,, then refl

crit *

on the glass-air interface to create the ring.

33.40: B, —aithh| o0 | wspe
1.2 m

= 8, = arcsin (H—asmﬂanarcsin [%sin 51°J= 36°.

iy

So the distance along the bottom of the pool from directly below where the light
enters to where it hits the bottom is:

x=(4.0m) tan 8, = (4.0 m) fan 36°=2.9m.
=X, =1m+x=15m+29m=44m

8.0 4.0
3341 8, =arctan| — = |= 27° and 8, = arctan| —— = | =14°,
16.0cm 16.0cm
86, % s =, Sine, i = | L | (]'095"‘ i j: 18.
sin &, 3in 14°

33.42: The beam of light will emerge at the same angle as it entered the fluid as seen by
following what happens via Snell’s Law at each of the interfaces. That is, the emergent
beam is at 42.5° from the normal.

e

in90°" ;
33.43: a) 4 = arcsin e aia =arcsin(
" 4 1.

The ice does not come inio the calculation since s, sin 90°=x,_sin . = siné,.
b) Same as part (a).

ing, ) (1.33sin90°
7 CRIUE N O O o Mo i R
sind, sin 45°

in &
33.45: u_sing, =, sind, = 6, = msm{%J
Py
: (1.663'1[1 (25.0°
=arcsin| ———=
1.00
So the angle below the horizontal is &, — 25.0°= 44.6° — 25.0° =19.6° and thus
the angle between the two emerging beams is 39.2°.

j =44.6°.
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J= 1.40.

sin 90°

33.46: n, sing, = n, sind, = n, = [ng, sing, ] o [].6231[160
siné,

33.47: n_sin8, = n, sing, = n, = [”{Slngﬁ ]: {]'52_5“15?'20] ~1.28.
sind, 5in 90°
33.48: a) For light in air incident on a parallel-faced plate, Snell’s Law yields:
nsinf, =wn'sin @, =n'sinf, =nsinf, = sinf, =3ind, = 84, =4,
b) Adding more plates just adds extra sieps in the middle of the above equation that
always cancel out. The requirement of parallel faces ensures that the ansle 8 =2, and

the chain of equations can continus.
c) The lateral displacement of the beam can be calculated using geometry:

tsin(8, — 8,
t :;)d: sm( a b).
cosd, cosd,

d) &, =arcsin [”Smgﬂ}aﬂ:m [L‘ 66.0 j=30.5°
" 1.80

_ (2.40 cm) sin(66.0° — 30.5%)
cos 30.5°

d=Lsin(8, —6;)and L=

=d =1.62 cm.

33.49: a) For sunlight entering the earth’s atmosphere from the sun BELOW the
horizon, we can calculate the angle & as follows:

n,sinf, =n,sind, = (1.00)sin#, =nsind,, where n, = n is the atmosphere’s
index of refraction. But the peometfry of the situation tells us:

sin@,:i:}sinﬂa=£:>5=6'a—3b=arcsin i — arcsin L
R+ h R+# R+h R+h

[ ]
b) 5:msm[ (1.0003)(6.4 » 10° m) J_msm[ 6.4x10° m J

] 4 ] 4 =
6.4x10" m+2.0x10" m) 64.210° m+2.0210" m
& =0.22° This is about the same as the angular radius of the sun, 0.25°,

33.50: A quarter-wave plate shifis the phase of the light by # = 90°. Circularly polarized
lizht is out of phase by 90°, so the use of a quarter-wave plate will bring it back into
phase, resulting in linearly polarized light.

33.51:a) 7 =%Iﬂ cos’ Acos?(90° - 9) =1210(cos£v'sin 8)" =%IO sin®28.

b) For maximum transmission, we need 28 = 90°, s0 8 = 45°.

33.52: a) Thedistance traveled by the light ray is the sum of the two diagonal segments:
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Yl 2
d=(.x?+yf] +((.if'—.7c)?—|-3.z§)I :
Then the time taken to travel that distance is just:

4 _ @4 ale-—s )

C C
b) Taking the derivative with respect to x of the time and setting it to zero yields:

§=1§ [ 43207 + (-0 + 52}

e

R e (e L

E B s adenin 2

N NPT N TR

33.53: a) The time taken to iravel from point A to point B is just:
B, il ik . N
. ‘

S W |
L | Vo

Taking the derivative with respect to x of the time and setting it to zero yields:

a _,_d th+x?+,ﬁz§+(z—x)? D

dx dt ki1 Va vl\/kf—k.xQ vﬂf{?zf =2y

But v, == e v, B o —x) = u, 8inf, = n, sin 4.
Hy Hy \fr?zf—k.x? \fﬁz:' +({-x)

33.54: a) ndecreases with increasing 3, 3o » is smaller for red than for blue. So beam a
is the red one.
b) The separation of the emerging beams is given by some elementary geometry.
X

x=x, —x, =dtanf, —dtanf, —» d = —— , where x is the vertical beam
tan &, —tan &,
; 1.00 mm
separation as they emerge from the glass x = g = 2.92 mm From the ray
sin
seomeiry, we also have
g = arosin | S0 | <85 and 8 = aresin| L0 | =485, g0
1.61 1.66
X 2.92 mm
tand, —tan#,  fan 35.7°— tan34.5°
: : : i
33.55: a) n_ sinf, =n,sinf, =sind =n, smE.
A (4 . A+ 20 ;A
But 8, = —+a = sin| —+a |=sin = nsin —.
2 2 2 2
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A+ 6 .4
=nsin—.

2

At each face of the prism the deviation is «, 30 20 = & = sin

b) From part (a), 6= 2arcsin[nsin§]—a‘

60.0°

= § = 2arcsin [(].52) sin ]— 60.0° = 38.9.

c) If two colors have different indices of refraction for the glass, then the deflection
angles for them will differ:

60.0°

&_, = 2arcsin [(].61) sin ]— 60.0° =47.2°

60.0°

5y = 2arcsin ((1.66) sin J_ 60.0° = 52.2° = AS = §2.2°-47.2° = 5.0°.

33.56:

Direction of ray A: 8 by law of reflection.
Direction of ray B:
Af upper surface: #, sin8 =»n, sina
The lower surface reflects at «.Ray B returns to upper swface at angle of
incidence o :w, sing = p sin ¢
Thus
r, sinf = u sin ¢
g=0
Therefore rays A and B are parallel.

33.57: Both /-leucine and &-glutamic acid exhibit linear relationships betwesn
concenfration and rotation angle. The dependence for /Hleucine is:
Rotation angle (°)= (—0.117100 mlf/g)C(g/100 ml), and for 4 - glutamic acid is :

Rotation angle (°)= (0.124°100 ml/g)C(g/100 ml).

33.58: a) A birefringent material has different speeds {(or equivalently, wavelengths) in
two different directions, so:

'y =ﬁandk =h:>£=£+l:>£=m?D+l:>D=L.
l 7 G gy Aok 4 oy R 4 dn —n;)
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g 589%107" m

= = ~6.14%10"m.
40n — 1) 4(1875-1.635)

b) D

33.59: a) The maximum intensity from the table is at 8 = 35°, so the polarized

component of the wave is in that direction (or else we would not have maxinmum intensity
at that angle).

b) At #=40°:7=248 W/m’= %IO +1, cos” (40°—35°)
= 4.8 W/m'® = 0.500 {, +0.996/, (1).
1
AL9=120°:7 =52 W/m® = shtl, cos’(120° - 35%)

= 5.2 W/m"® = 0.500], + 7.60x 10'31p (2).
Solving equations (1) and (2) we find:

—=19.6 W/m® =0.989/, =7 =198 W/m".
Then if one subs this back into equation (1), we find:

5.049 = 0.500, = I, =10.1W/m".

33.60: a) To let the most light possible through AN polarizers, with a total rotation of 90°,
we need as little shift from one polarizer to the next. That is, the angle betwean

successive polarizers should be constant and equal to % Then:

b Pra b
I, = I, cos’ [Wjaf’z = I, cos* [EJ,---:I;{N = I, cos™ [ﬁ]

2

by If n>>1, cos”6={1—%+--} =1—§9? Hces

2 2
::»0052”[%]%1—@[%] =1—I—N%1, for large N.

33.61: a) Muliiplying Eq. (1) by sin f and Eq. (2) by sin a vields:

(1):—sin B = sin wtcos asin £ —cos @ sin a sin 5
il

(2): 2 siner = sin wtcos Fsine —cosexsin fsina
i3
, , xsin f—ysina . .
Subtracting vields: ’S—J = 3in e¥(cosa sin F —cos ffsina).
&

b) Multiplying Eq. (1) by cos 5 and Eq. (2) by cosa vields:
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(1) X cos f =sine¥cosacos f —cosaxsinacos f
a

(2): % coser = sin et cos feosa —cosaxsin fecosa
[

xcos ff—vcoso

Subtracting yields: —————— = —cose¥(sinacos f—sin fcosa).
41

{c) Squaring and adding the results of parts (a) and (b) vields:
(x sin f—ysina)® + (xcos f— ycosa)’ = a’(sin @ cos f—sin fcosa)’
(d) Expanding the lefi-hand side, we have:
x%(sin® A +cos® £)+ y°(sin’ & +cos’ &) — 2xy (sina sin B+ coscx cos )
—x"+v' —2xy(sine sin f-cosacos f)=x" +y' —2xycos(a— B).
The right-hand side can be rewritten:
a?(sin acos ff—sin Jﬁcos..sr)2 =a’ sinz(af - £
Therefore: x* + ¥* — 2xy cos(e — f)= 2’ sin*(a — f).
Or: x*+v* —2xpcosd=a’sin’ &, where §=a — f3.

(@)&=0:x"+ 3" —2xy=(x—1)" = 0= x = y, which is a straipht diagonal line.

a

&= % e y? - ﬁxy= .:x_z‘, which is an ellipse.

T A 3
= 5 :x' + 3" = &, which is a circle.

This pattern repeats for the remaining phase differences.

33.62: a) By the symmetry of the triangles, 8, =87, and 8° =87 = 8" =87,
Therefore, sin#F = nsind° =nsinf =sinf! =4° =g+,
b) The total angular deflection of the ray is:
A= -8 +m-08" +87 -8 =20" 48] 1 m.

c¢) From Snell’s Law, sin 87 = nsin 8 = 8; = arcsin [lsin ej]
L

= A=287—48; + 7 =267 —4arcsin (lsinaj]m.

n
d) dAA =f=d~4 d& [arcgin[lsin‘g:]J:}O:z_ 4 .[Cosﬂlj
dga dga L4 Jl—Siﬂ?'Bl/n? iz

L i

;47 2
::»4(1— 2 ,261 J:[lﬁcogs & ]240052 8 =i’ Licos™ 8

= 3c08” 8, =n" —1=cos" 8, =%(n2 ~1).
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e) For violet: £, = arccos {,f%(n? — 1)] = arccos {1%(1 3427 — 1)] — 58.89°

= A, =139.2°=8, = 40.8°.

For red: 8, = arccos {1{%&1? —])J=arccos {1%(1.330? —])J= 59.58°

= A_, =1375=8_, =42.5°
Therefore the color that appears higher is red.

33.63: a) For the secondary rainbow, we will follow similar steps to Pr. (34-51). The
total angular deflection of the ray is:

A=81—8 + 720 +x-28; + 0 -8/ =207 — 66 + 27, where we have used
the fact from the previous problem that all the internal angles are equal and the two
external equals are equal. Also using the Snell’s Law relationship, we have:

A% = arcsin [1 sin 8 j

L

= A=28%_607 127 =28 6arcsin [l 5]]19:]4— 2.
L

6
by 20 e 5 9 arcsin[lsinf}:j =0=2- 2 J
ae, de; n J1—sin? 8, /n’ n

=n'(l-sin"8,/n")=(n"-1+cos’8,)=9cos" #, = cos” & =%(n? —1).

c) For violet: £, = arccos {1% (n— I)J = arccos {1 %(1.342? —I)J =155

= A, =2332°= 8, = 53.2°

Forred: 8, =arocos[‘%(n? —1)J=arocos[ %(1.330Q —1)]= 71.94°.

= A, =2301°"=48_, =50.1°
Therefore the color that appears higher is violet.

34.1: If up is the + y -direction and right is the + x -direction, then the object is at
(—xy, — ¥y 1 B is at (x,, — 37, ),and mirror 1 flips the y -values, so the image is at
(x,, ¥, )which is £

34.2: Using similar triangles,

;z d d . :
e o o g g S s PO, 0
Ile:|:|:.'1'1'\:\:1" mIToT dm.im:\r = Om
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34.3: A plane mirror does not change the height of the object in the image, nor does the
distance from the mirror change. So, the image is 39.2 cm to the right of the mirror, and
its height is 4.85 cm.

W ] e P i

2 2
b) If the spherical mirror is immersed in water, its focal length is unchanged—it
just depends upon the physical geometry of the mirror.

34.5: a) |
vl =l
b) l+l=l:>l= z 1 = s'=133.0cm,to the left of the mirror.
iy Sr f S: 220 - ]65 =
¥ ==y = ~(0.600 cm) 0 ™ _ _1 50 cm,and the image is inverted and real.
z 16.5 cm
34.6: a)
- L
? l+i:l:§l:_ 2 o = 5" =—6.60 cm, to the right of the
Y 5’ f Sr 22.0 - 16.5 o
mirror.
= —yS_ e cm)M = 0.240 cm, and the image is upright and
g 16.5 ¢
virmal.
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34.7: 1+l=l::»l= £ . —— =8 =-175m
g 8 f 8 175m 558x10"m
1.75 =i ;
m=——-"s=314x107 = y' =m
5.58%10° i
= (314 %107 ) (6794 %10° m)=2.13%x107 m.
34.8: R=—3.000m,1+l=l:>l=— e - ! = 5 =-1.40 cm(in the
R 3.00cm 21.0cm
B T P AT ey SR OBE gy
5 21.0cm
34.9: a) l-l-l:l:}l:l—l:s‘_f:}g’: Sf .AlSOm=—S—= f “
& & Ff & F & 5 s—f 5 f-s
b) For £>0,5> f = 5" > 0,30 the image is always on the outgoing side and is
;

real. The magnification is m =

<0, since [ <.
— 5

£

c) For s22f = |m| < =1, which means the image is always smaller and

invertad since the magnification is negative.
For f<s<:2f:>04:s—f{f:>‘m‘>§=].
d) Concave mirror: 0 < 5 < f = 5" < 0,and we have a virtual image to the rizht of

the mirror. |m| > k. =1,s0 the image is upright and larger than the object.

34.10: For a convex mirror, f <(= 5" = i = —M < 0. Therefore thz image is
s—F s+|f|
always virmal. Also m = f = _|f| = |f| > 0, so the image is erect, and
f—s —|f|—s |f|—|—s
m<:]since|f|+s>|f,sotheimageissmaller.
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34.11: a)

SR | .
& dgdamsey

AAK

LK)
¥
=E(N)

=500 -

=508
=30 =20 =1 UK 1A 2000 A0H 40 500

£1F)

b s'>0fors> f,s<0.
c) s’<0for0<s< f

d) If the object is just outside the focal point, then the image position approaches
positive infinity.

e) If the object is just inside the focal point, the image is at negative infinity, “behind®
the mirror.

f) If the object is at infinity, then the image is at the focal point.

o) If the object is next to the mirror, then the image is also at the mirror.

h)

i

—1.N)

AL

—34H) d :
=300 =200 -1 000 1000 200 360 40 500
(i)

i) The image is erectif 5 < f.

j) The image is inverted if s > f.

k) The image is larger if 0< s < 2f.

I} The image is smaller if s =2 f or s < 0.

m) As the object is moved closer and closer to the focal point, the magnification
INCREASES o infinite values.
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34.12: a)

BRI L
: aurest & |

1 .l;“;'

—{H) _\

50N} \
“300 200 -1.00 0 DOoD LG 20 300 400 500
8 LA

a) &> 0for—|f|<s<0.

b) s’ <0fors<—|f|and s <0.

c) If the object is at infinity, the image is at the outward going focal point.
d) If the object is next to the mirror, then the image is also at the mirror. For the
answers to (e), (), (g), and (h), refer to the graph on the next page.

e) The image is erect (magnification greater than zero) for s > —|f| ]

f) The image is inverted (magnification less than zero) for s < — | f | .

g) The image is larger than the object (magnification greater than one) for
—2|f|<s<0.

h) The image is smaller than ths object {magnification less than one) for
s>0and s <-2f].

00
i ; st 5
i
1000 fen i
=300
=540 \
=300 <20 100 0D 1 200 0 34 400 5.6

s LD

34.13: a)
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b) l+l,=izz>l,=— . = s'=-5.45 cm,to the right of the
& O B 200cm 12.0cm
T OL.
. 5 —545¢cm ; ; ; .
v ——3y—— —(0.9cm)——— — 0.409 cm, and the image is upright and virtual.
5 12.0 cm
5 —48.0 ;
34.14:a) m=——= B = 4.00,where s'comes from part (b).
iy u
b) l+ Dl = D, & o 1 = 5'=—48.0 cm. Since s'is negative,
s 5 f 5 320cm 12.0cm

the image is virtual.

c)

B B S o e, 0 IO e iR
s 8 250cm g’
133 100

34.06:2) =+ 2 0= ,
5 & 7.00cm s

5.26 cm below the surface.

g oyl g BB B0 s o onSie coilioline ofile Tk
5 s 33.0cm e

appears 24.8 cmbelow the surface.

0 = 5" =-5.26cm, so the fish appears
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3417:a) For R>0and#n, >n,, with8 =a+¢ and 8, = ¢ + 5, we have:

b, =nb, =6,=¢+f= L

g

— )¢

But & = E, #= i}, and ¢ = %,so subbing them in one finds:
5

. By (n,—n,)
i R
Also, the magnificaj:ion calculation yields:
tan @, L and tang, L = ZeX B¥ 5 P TPaT
S = .S‘ S iy ¥ Hb.S‘

b) For R<0andn, <n,,withf, =a—¢gand B, =F —¢,wehave:n, f—n o=

(n, —na)(sﬁ.Buta:E,ﬁ =i,and¢=iR:,_”_ﬂ_”_ﬁ=_(”Lﬁ,so subbing them
— T iy Iy

in one finds: =+ _; = %. Also, the magnification calculation yields:
g:

n, tand, =,

yasiay Peg B B Heaed (100 OO0 oo enpem

s s R @ 5 3.00cm

b) H_G+H_3’J=Mb_naz> 1 +1'6r0= (60 =5 =137cm
R R 12.0cm 5 32.00cm

c) Ba g Mo o Mo~ ! 160 0.60 = s =-533cm
& & R 2.000111 s 2.00cm

34.19: ”_ﬂ+”_b=u:ma= K (S—R)nbzs(.s—R)
s s R (s+R) SR s +R)
_ 90.0em (160 em— 3.00 cm)

° 160 cm (90.0 cm+ 3.00 cm)

(1.60) =1.52.

Lal B Tl . 1 B OBt 0 o
i~ R 24.0 cm & 4.00 cm

V= ~ et v= ﬂ 1.50 mm= —0.578 mm, so the image height
S (1.60)(24.0 cm )

is 0.578 mm, and is inverted.
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—n 1 160  —060

= + = = s'=-835cm.
s 8 R 24.0cm 5 4.00 cm

V' = “HA y= s w2 1.50 mm = 0.326 mm, so the image height is
M, & (1.60)(24.0 cm)

0.326 mm, and is erect.

m, m,—m, _ 133 100 —0.33
=5 + =

*

= s'=—14.0 cm, s0 the fish

34.22:2) Tey
o 5 R 140cm s —14.0cm

appears to be at the center of the bowl.
e | 25| —Fl.SS)(—]?.Ocm) o f
s (1.00(17.0 cm)
b) Mo My My :>1.00+1.33: 0.33
Al R ) 57 +14.0cm

the bowl.

= 5" =56.4 cm, which is outside

34.23: For s=18cm:

apradedad.. L 1 g
s & f & 14.0cm 18.0cm
© 630
i e =t i TR
s 18.0

c) and d) From the magnification, we see that the image i3 real and inverted.

g
For 5 =7.00cm:
o Lptedod o ¥ o 1 e
s & f & 140cm 7.00cm
5 G ..
5 7.00

c) and d) From the magnification, we see that the image is virtal and erect.

www.FreelLibros.me



\\H
34.24: a) l+l=l:>l= 1 + 1 = f =-48.0 cm,and the lens is
s s f f 160cm -12.0cm
diverging,
by ¥'= y[—S—J = (0.850 cm) [— (—12.0)} = 0.638 cm, and is erect.
oy
c)
L
//
‘;:h_.:“x-_:_-__%‘-__- //,/
'x___\ff?’ ._,____i] ;___
:. — x"‘“.\__‘ _-\-_Jr.
R L N
vy 0400 8
bt Sgd 1 8 g sosac aeTsen
s 5 f s T00cm s s 7.00cm
(to the left).
:>l= - = = 5 = 4.85 cm, and the image is virmal
s 70cm -1575ecm
(since 5" < 0).
326 m=2 =220 T 07115 Also:
v 3.20 5
1 1 1 1 1

—+—=—::>=—+—=L:>s’=21?cm(t0ﬂ1erighl:).
& g F 0.711s" 5 90.0

— 5 =0.711(217 cm) = 154 cm, and the image is real (since s > 0).
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34.27: 1+l’=(rz—]) 9 3 = L +l,=(0.48) e
S R R, 180cm ¢ 5.00cm  3.50cm

= 5 =-10.3 cm (to the left of the lens).

34.28: a) Given s =80.05,and s+ 5" =6.00m = 81.005s=6.00m= s=00741 m
and s"=5.93 m.
b) The image is inverted since both the image and object are real (s’ > 0, 5 > 0).
I i 1 1

c) l=—+—= +
F s & 00741m 593m

= f =0.0732 m, and the lens is converging.

1 1 4 1 1
34.29: —=(p-1)| ——— |=(0.60) -
F R R, +4.00cm =8.00cm
—25

F=1t444cm, +13.3 cm.

/1 I.-// YOy |/\ ) ™ ‘7 %7

| | |
' | |
|| || |
‘." || ! i ]

NNV B GV A

1 2 3 9 ! 5] 7 b

|
|
i

f=4133cm; f, =+4 4 cm; =44 cm; £, =-133cm; £, =-133cm; f, =+13.3cm;
fr=—44cm; f; =—4.44 cm.
34.30: We have a converging lens if the focal length is positive, which requires:
L (n-1) [i—LJ >0= [i—LJ > 0. This can occur in one of three ways:
f Rl R?. 1 R?
(iy {R <R,y W{R, R >0 ({iD)R >0, R, <0
(iii) {| R |>| R, |} W{R.R, <0}. Hence the three lenses in Fig. (35.29a).
We have a diverging lens if the focal length is negative, which requires:
& ={n-—1) (L—LJ <0= {i—LJ < 0. This can occur in one of three ways:
f Rl R? Rl R?.
(R >R,y UR, R >0 (iR >R, >0(ii)R <0, R, = 0.
Hence the three lenses in Fig. (34.29h).

34.31: a) The lens equation is the same for both thin lenses and spherical mirrors, so the
derivation of the equations in Ex. (34.9) is identical and one gets:
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R Y N s f

—t—=—= == =55 = ,and alsom=——= "
s o8 o % F = f5 s—f s f-=s

b) Apain, one gets exactly the same equations for a converging lens rather than a
concave mirror because the equations are identical. The difference lies in the
interpretation of the results. For a lens, the outgoing side is not that on which the object
lies, unlike for a mirror. So for an object on the left side of the lens, a positive image
distance means that the image is on the right of the lens, and a negative imagz distance
means that the image is on the left side of the lens.

c) Again, for Ex. (34.10) and (34.12), the change from a convex mirror o a
diverging lens changes nothing in the exercises, except for the interpretation of the
location of the images, as explained in part (b) above.

34.32: 1+l=l:>1= k - 1 = s=T.0cm.
s s f s 120ecm -17.0cm
! 2 ' 0.800

mmt e U g,V BSRO ot s s e obeses
s T m +2.4

L A Ty ST PRI D

L
34.33: l+l=l:>1= ! + L = 5=+26.3cm.
s s f 5 —48.0cm 17.0cm
et e N s o B BOUSER . i s il ssobsmrmessiile,
8 +26.3 m 0.646
i “E'"“E-.E_EH object
-H----H"‘-- __\_\___\--\- 3 II-.‘. IP-
v [ ?"\;Yf.;f' J
34.34: a) l+l’:l:>l ] + : = f=11.1cm,converging.

F 7 160cm 360cm
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J (0.80 cm) (— %J =—1.8 cm, s0 the image is inverted.

b) y= y(——
&
c)
S
.
34.35: 2) |m|=|2
&
1 1 1
= —=—+—=
f o=
85-mm lens.
b) P
¥
I
;s 5
135-mm lens.
34.36: 1+l,=l:;»
= ow F
i SI
LS
&
36-mm film.
34.37: 1+l=l
& w

s

3438 v =—Zyo o
Y

34.39: a) |m|==

b) ‘m‘=%ﬁ

- L
oo —
— -
e — e
— -
"'"-a_,___ T

!
5

J'

I
:>.S'—S
5

=600 [ 222 ) 6 0600 = 601
240 m

¥
1 1
+
6.0%10° mm 60 mm

= f =60 mm. So one should use the

6 m

=40.0m{0'9036 mJ: 0.15 m = 150 mm.

1 1
+
40%10° mm

= f =149 mm. 5o one should use the
150 mm

1 1 1

__|_ o
s 204cm 20.0cm

= = 5 = 0.0869 m.
390m & 0085m
0.0869

3.90

1750 mm

= 39.0 mm, 50 it will not fit on the 24-mmx

1 4 1 = s=1020cm

5.00
Ly 2PM 207 my=0.0372 m=37.2 mm.
5 9.50%10" m
L o= 2B E_y gyr0,

200,000 mm
Lol b, WO o e

| =
5 200,000 mm
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34.40:

34.41:

&) | =S w L o= S0y 50
5 5 200,000 mm

a) s ==y =f=12cm

b) s, =4.0cm—-12 cm=-8 cm.

c) l+l:l:> 1 +i= ! = 5, = 24 cm, to the right.

s & f —-8cm s, -—12cm

d) s=w=s =f=12cm

5, =8.0cm—12 cm =—4 cm.

1 1 1 1 1 1 ;

e +—= = s, = 6cm.

s 5 f —-dem 5 -—-12cm

2) flama=L 5p=7 0000 _oq

D 4 4

by f8= D= %, 50 the diameter is 0.5 times smaller, and the area i3 0.25 times

smaller. Therefore only a quarter of the light entered the aperture, and the film must be
exposed four times as long for the correct exposure.

34.42:

The square of the aperture diameter (- the area) is proportional to the length of the

_ _ ( 1 J gmm Y [ 1 j
exposure time required. | —s || —— | =|—2s|.
30" )\ B 1mm 250

34.43: a) A real image is formed at the film, so the lens must be convex.
by e lolool ot = with £ =450.0.0mm
. S S s—F
For s =45 cm = 450 mm, " = 56 mm.
For s =w, s'= f=350mm.
The range of distances between the lens and film is 50 mm to 56 mm.
34.44: a) l+l=l:>1+ - =s=0153m=153cm.
o of s 9.00m 0150m
s 9.00 . ;
b) |m|=—=m=58.8:>dmensmnsare (24 mm % 36 mm)m = (1.41 m»2.12 m).
iy d
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3445:a) f= = —=0.364 m = 364 cm. The near-point is normally at
power 2.75m
1 1 1 1 1 1
Bem:—+—=—= +—== = s'=-80cm, in front of the eye.
s s f  25cm s 364cm
by f= b 2 +—=-0.769 m=—-76.9 cm. The far point is ideally at
power —1.30m
infinity, 50: l+—=l :>l+l=; = 5 =-76.9cm.
s & f e 5 —T769cm
gidp: e it e 1, 140 L B0 b e
IR R 40.0cm 2.60cm R
34.47: a) 2 l+l . A + : = power = L +2.33 diopters.
f s & 025m -0.600m
b) l=l+l =l+;:> power =l=—1.6? diopters.
f s & o —-0600m i

25.0cm 8 25.0cm 5

34.48: a) Angular magnification M = = 4.17.
i 6.00 cm
b) l+l=l::>l+ 1 = ! = s=4.84cm
s & f s —250cm 6.00cm
34.49: a) l+l:l:>1+ 1 = 1 = 5=6.06cm.
g 3 f & -=-250m 8.00cm
57 25.0cm .
b) || == — 413> 3 = ym = (1.00 mm)(4.13) = 4.13 mm
s 6.06cm
2.00
34.50: =L = p= XTI oh 0 mm=8.00cm
7 g 0.025rad
cTr TR R Y S S
g g & 5 —6505 4.00cm

:bl[]—LJ =]— =s=338cm, s =—6.50s = -22.0cm.
5 6.50) 4.00
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250 r (@3
34.52: a) A = (20 mm)s] (250 mn)(160 mm + 5.0 man) _

317,
A5 (5.00 mm)(26.0 mm)
B el el DU et
¥ w317

34.53: a) The image from the objective is at the focal point of the evepiece, so
s,=d_— £,=19.7Tcm-1.80cm=17.9 cm

i Lot A . A e
s & f & 179cm 0.800cm
b) ‘ml‘=5_=mi=2]_4_
s 0.837 cm
¢) The overall magnification is 3] = ‘ml‘m e T g
i 1.80 cm
34.54: Using the approximation s =~ f, and then |m,| = j{—‘, we have:
1
f=16mm: s =120 mm+16 mm =136 mm; s =16 mm
:>|m1|=5—=]36m=8.5.
16 mm
: s 124 mm
f=4mm:s =120 mm+ 4 mm = 124 mro; s =4 m = |m |= — = =31

4 mm
F=19mm:s" =120 mm+1.9 mm =122 mm; s = 1.9 mm
5" 122 mm
| =S = -
s 1.9mm
The evepiece magnifies by either 5 or 10, so:
a) The maximum magnification occurs for the 1.9-mm objective and 10x
eyepiece:
=M= |ml

i, = (64)(10) = 640,

b) The minimum magnification occurs for the 16-mm objective and 5x evepiece:
= M =|m |m, = (8.5)(5)=43.

SUES A WPl VR,

- —6.33.
5 15.0 cm
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b) l+l:l:> d +l= i = 5 =0.950 m, so the height of an
s s f 3000m s 0.950m
© 0 0.9350
image of a building is |y’|=iy ———(60.0 m)=0.019 m.
s 3000

¢) &' = MO = 6.33arctan(60.0/3000) ~ 6.33(60.0)/(3000) = 0.127 rad.

34.56: £+ f,=d, = f=d, - f,=1.80 m-0.0900m=1.71m
Sigf= o A sy
£, 9.00

34.57: %: 19.0= £ =(19.00D =(19.0)1.02 m)=194 m

34.58: |y’=yi=yi 8 = (0014")[ ](18111) 4.40x10~ m.
iy fiog

34.59: 2) f = R—0650m::>d £+ f,=0.661m.

f _ 0650m
by |M]= = —
fa C0.011m
34.60:1+l=l::> L ! =—:>f -1.50m= R=
s & f 075m- 13m 075m+012m f
2f=-30m

S0 the smaller mirror must be convex (negative focal length) and have a radius of
curvature equal to 3.0 m.

34.61: If you move away from the mirror at 2.40 m/s, then your image moves away
from the mirror at the same speed, but in the opposite direction. Therefore you see the
image receding at 4.80 mys, the sum of your speed and that of the image in the mirror.

34.62: a) There are three images formed.
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34.63: The minimum length mirror for a woman to see her full height %, is %/2 , as
shown in the figure below.

i

' 54+4.00
3.64: ) =225 =5 = 2T T 01955 - 4.00 m = 5= 3.2 m. So the mirror is
W ¥
7.20 m from the wall. Also:
1.1 2 i i

_+_:_:;>£=—+ = R=443m.
& & R R 32m 720

, ; 8.00
34.65: 2) =L = 220 _60.0=" = 5=~ 0,133 m is where the filament
v 6.00 &
should be placed.
b) l+lzg:,£: 1 + ! = R=0261m
s s R R 0133m 5.00m

34.66:1+l,=£:> : +l1= 2
s s R 130m s -0180m

y = y(—s—] = (1.50 m{—wj —0.0103 m.
2 13.0

b) The height of the image is less then 1% of the true height of the car, and is less
than the image would appear in a plane mirror at the same location. This gives the
illusion that the car is further away then “expected.”

= 5 =-0.089 m
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34.67: a) R« 0and s <0,s0a real image (5" > 0) is produced for virmal object

positions between the focal point and vertex of the mirror. So for a 24.0 cm radius mirror,
the virtual object positions must be between the vertex and 12.0 cm to the right of the

r r

: : . - : 5 -
mirror. b) The image orientation is erect, since m=——=———1>10.

2 =

c)

wigiuul £
ashject

SRR

34.68: The derivations of Eqs. (34.6) and (34.7) are identical for convex mirrors, as long
as one recalls that R and s' are negative. Consider the diagram below:

We have: l+lr=£:>SJ=f=£:>l+lj=g
wmog R 2 F o5 R

is not on the outgoing side of the mirror.

34.69: a) l+l=£::> . 2 = s =—46cm, sothe image is virmal.
s & R B0cm 5 194cm
b) m=—S—=—_8—£t)6=5.8, 50 the image is erect, and its height is:
i i

v = (5.8)y = (5.8)(5.0 mm) = 29 mm.
c¢) When the filament is 8 cm from the mirror, there is no place where a real
image can be formed.
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2 -5 2 4 . 2 3

= o= =yp="w'=sincepis 05 40— = R=|d
5 5 2" |51 R 4
:>s=iRandS’= R
10
L. 3 i i o g .
34.71: a) —+— =— and taking its derivative with respect to s we have
5 i
41,1 1 1 L& .&@ § 2 B e
B=m| S e > —=—F=-m.Bu—=m'=m'=
dsls s f s 8 ds ds 5 ds
—m’. Images are always inverted longimdinally.
b) (i) Front face: 1Jrl=£:b»;+l=#:>5’=]20.00001:n.
s 5 R 200,000cm s 150.000 cm
Rearface:1+l=£3;+l=#:}s’=119.96«10m
s s R 200100cm s° 150.000 cm
(ii) Front face: m = —— = _ Ja0.009 —0.600000,m" = —m? = —(— 0.600000) =
i 200.000
—0.360.
! 4]
Begpfips e SO0 —0.599520,m' = —m" = —(—0.599520)" =
5 200.100
—0.359425.

(iii) So the front legs are magnified by 0.600000, the back legs by 0.599520, and
the side legs by 0.359425, the average of the front and back longimdinal magnifications.

34.72: Ze n—f =" "% apd taking its derivative with respect to s we have:
iy Y
d(n, n, n,—n 7 i, ds’
0:_[_‘14__?:_75 QJ:__;_ f; =
dov 8 @ R g5 5 ds
ds’ g s 5" ”3 s 2 My
= —=— — = =—-m —.
s B P onl e n,
ds’ M
Bt & == 2t
HQ
L. 2 —sR ds' ds'd
34.73: a) R<0forconvex so —4 —=—=5"= T T o N
s & =R 25+ R dt  ds dt
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=R 2R
25+R (25 +R)

R (1.25m)’ "
=v=—v—" = (-2.50 m/s) — 4865107 m/s.
YT T s+ RV ( i "(2(10.0 m)+1.25 m)° ‘
R (1.25 m)*
b) v=v— = (-2.50mfs) = 10.142 mfs.
4 V(25 + R ( mjs"(z(z.o m)+1.25 m) e

Note: The signs are somewhat confusing. If a real object is moving with v > 0,
this implies it is moving away from the mirror. However, if a virtual image is moving
with v > 0, this implies it is moving from “behind™ the mirror feward the vertex.

34.74: In this context, the microscope just takes an image and makes it visible. The real
optics are at the glass surfaces.

M, M o1 S 2.50 mm + 0.780 mm
—“4+—=0=—+—==0n=-—=-

5 5 5 R 5 —2.50 mm

=1.31.

Note that the object and image are measured from the front surface of the second
plate, making the image virtual.
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34.75: a) Reflection from the front face of the glass means that the image is just
below the glass surface, like a normal mirror.

b) The reflection from the mirrored surface behind the glass will notbe affected
because of the intervening glass. The light travels through a distance 24 of glass, so the
path through the glass appears to be E, and the image appears to be &+ E behind the

L i
front surface of the glass.

¢) The distance between the two images is just E
i

34.76: 1) The imnage bow the lel end acls as the object lor the right end ol the rod.

by By, B, 1 DIOD. BOL g ey
§ & R 230em  s°  6.0cm

So the second object distance is 5, = 40.0cm—28.3 cm =11.7 cm.

T L G BN

nys  (1.60)(23.0)
c) The object is real and inverted.

d) n—“-q-n—f’:nb_n":) 160 +i=ﬂ:>s’=—ll.50m.
3o wbn R 11.7cm 53 -12.0cm
Also: m, L = mm, = (- 0.769)(1.57) = —1.21.
"8 11.7

e) So the final image is virtual, and inverted.
f) 3 =(1.50 mm)(—1.21)= —1.82 mm.

sriay Taye B Wea L L0 OO oo snaem
5 R 230cm s 60cm
So the second object distance is 5, = 25.0cm—-28.3 cm = 3.3 cm.
Wiy e ol e HI iy

nys  (1.60)(23.0)
b) The object is virmal.

& n_a+n_f=nb—na:> 1.60 +Lr=ﬂ:>5;=]_8?cm
Sg iy R -33cm s, —-120cm
Also:
’ -
my = — 22— _ L, T mym, = (— 0.769)(0.901)= —0.693.
15, -33

d) Sothe final image is real and inverted.
&) 3 =ym=(1.50 mm)(—0.693)= —1.04 mm.

www.FreelLibros.me



34.78: For the water-benzene interface to get the apparent water depth:
e s 1.33 i, 1.50

2 4-2=0 =0=s=-733cm
R 6.50cm 5
For the benzene-air interface, to get the total apparent distance to the bottom;
L S L +l=0:>s’=—6.62cm.
5 (7.33cm+2.60cm) s
e Bug e Ve ppo o g mpa o BB R g vy
G R w 2R R 2

yagnsay Teplh W ang 1 MO0 D60 oo apgum soie
s 8 R 12.0em s 15.0cm
object distance for the far end of the rod is 50.0cm — (—36.9cm) = 86.9cm.
S eyl By Voo VU L3 gy o simen
C I R B6.9cm s
b) The magnification is the product of the two magnifications:
e o HOE g OO i 100

ms  (1.60)(12.0)

g P Bty A B0 O80 L o wh om. Shilieohissdistnes
g s R w5 4.00 cm
for the far side of the ball is 8.00 cm — 9.00 cm = —1.00 cm.
i, B, Mo, IR0 R o UBE e 5B e ol
5 g R ~1.00cm s —4.00cm

4.50 cm from the center of the sphere.

angy B oPbogeee B o ] g Jod a0

A 15.0cm —-9.50cm 9.50

When viewed from the curved end of the rod:
m, My Hy—m n 1 1-n 1.58 1 —0.58 ;
Lyt e = o= 2llem,
5 5! R s & R 15.0cm s —10.0cm

50 the image i3 21.1 cm within the rod from the curved end.

34.83: a) From the diagram:
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sim9=0'11‘¢=].50 sin & But sind’ = = e

L
R R R(Q.50)

0.190 cm
ey -

1.50
So the diameter of the lisht hitting the surface is 2r = 0.254 cm.

=0.127 cm.

b) There is no dependence on the radius of the glass sphere in the calculation
above.
34.84: a) Treating each of the goblet surfaces as spherical surfaces, we have to pass,
from left to right, through four interfaces. For the empty goblet:

M, My My —H, 1 1.50 0.50 .
L4 o= 4T = =g =12cm
O R g 4.00 cm
1.50 +l_ —0.50
—114em s, 340cm
1 1.50 0.50

+
Tldem sy —340cm

=5, =060cm-12cm=-114cm= = 5, =—64.6 cmn.

=g, =066cm+ 6.830cm=71.4cm = = 5, =-9.31cm.

=5, =9.31cm + 0.60 cm = 9.91 crn = L N = s, =-379cm.

99lcm s —4.00cm
So the image is 37.9cm — 2(4.0 cm) = 29.9 cmto the lefi of the goblet,
b) For the wine-filled goblet:
7 My, —H 1 1.50 0.50

_"+H_3’:—“:>_

r

s & R o 5 400cm

=5, =12 cm

1.50 1.37  -0.13
+

=s5,=060cm-12cm=-11.4cm = =
—1l4ecm s, 3.40cm

=5, =14.Tcm

1.37 +].50_ 0.13
-79cm 5, -340cm

=5, =6.80cm - 14.7em=-79cm= sar= Tl Tem,

1.50 1 —0.50
_ =

=5, =060cm—-11.1cm=-10.5¢cm—= e
—10.5cm s; —-4.00cm

= s, =373cm,

to the right of the goblet.

www.FreelLibros.me



34.85: Entering the sphere: BB Bl o - L T Yo
& "o R 3R 35" 3R
Ha My My =M ]'33+1=L35’=3R.
§ o R w s 3R

So the final image is a distance 3R from the right-hand side of the sphere, or 4R to
the right of the center of the globe.

Babay DB M Mo e By B B My,
g5 b R o R w f R
M MR, nbf:nb—nu:n_u:n_i:na:nbiﬂ
7R SR ;i i
b) ”_aﬂ_f:u:}@ﬂ_f:nb(l—f/f)21+4:f(1—f/f):
e R s 5 R g g R
ke
R

Note that the first two equations on the second line can be rewritten as

N i
L

2 ==and 50 We can write
w,—#n, R H, —H,

L

34.87: Below, x is the distance from object to the screen’s original position.
Il A 1 1 1 1 1 1
—t—=—= + =—and + =—
5 & fi x—30cm 30cm f x—26cm 22cm f
= x" —56x+450cm’ = 0= x = 46.3 cm, 9.72 cn. But the object must be to the
left of the lens, so s= 46.3cm—30cm = 16.3 cm. The corresponding focal length is

10.56 cm.

34.88: We have images formed from both ends. From the first:

i L SO L e TR Ry
g R 25.0cm ¢ 6.00cm
This image becomes the object for the second end:
B, My Wy —H, 4 1.55 3 1 —0.55

& R d-300c 650 —6.00em
=d-300cm=203cm=4d =50.3cm.

| 1 1

34.89: a) For the first lens: 1+—J=—::> oo s

= = 5 =30.0cm.
s s f  200ecm s 12.0cm
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So m, = —% ——1.50.

For the second lens: s =9.00cm —30.0cm=-21.0cm

1 1 1 1 1 1 : -28.0

== = =5 =-280cm,m, =———

s s f —-210cm s 12.0 cm -21.0

So the image is 28.0 cm to the lefi of the second lens, and is therefore 19.0 cm to
the lefi of the first lens.

b) The final image is virmal.

c) Since the magnification is m = m m, = (—1.50)(—1.33) = 2.00, the final image
is erect and has a height ' = (2.00)(2.50 mm) = 5.00 mm.

=—1.33.

34.90: a) l=(n—]) LA = (0.60) B = f=350cm.
§ R R 120ecm  28.0cm
:l+l=l:> 1 +l : = s =158 cm, and

s 5 f 45cm s 35cm

¥'= y(—s—] — (0.50 cm) [— @] — _1.76 cm.
by 45

b) Adding a second identical lens 315 cm to the right of the first means that the
first lens’s image becomes an object for the second, a distance of 157 cm from that
second lens.

b Gk 1 1 1 1

s 5 fF 157cm s 35cm

= s =45.0cm, y' = (-1.76 cm) [— %} =0.5cm,

and the image is erect.

c) Puiting an identical lens just 45 cm from the first means that the first lens’s
image becomes an object for the second, a distance of 113 cm to the right of the second
lens.

1 1 1 1 1
= —t—=— —=
s 5 f =113em s' 35ecm

and the image is inverted.

= 5’ =26.7cm, and ¥’ = (~1.76 cm) x ﬁ?;} —0.41

34.91: 1+l=l::»#+l=
s s f B00cm s 400cm
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So the object distance for the second lens is 52.0 cm — (8.00 cm) = —28.0 cm.

s d Ly b gL b s seumien
s & f —280cm s 40.0cm

So the object distance for the third lens in 52.0 cm — (16.47 cm)=35.53 cm.

:>1+l=l:> - +l= - = 5'=-318 cm, 5o the final image is
s & Ff  35.353cm s 40.0cm

virmal and 318 cm to the left of the third mirror, or equivalently 214 cm to the left of the
first mirror.

34.92: a) s+s’=]8.00mand1+l,=l:> L ,+l,= 1
s & f 1BlOcm-s5 s 3.00cm

= (57" —(18.0cm)s" + 54.0 cm® = 0 = s'=14.2 cm, 3.80 cm = 5. So the screen
must either be 3.80 cm or 14.2 em from the object.

By S aBtE e e e gmes
s 142
W TV
s 3.80

34.93: a) Bouncing first off the canvex mirror, then the concave mirror:
1 1 2 1 1 2 1 1
—t——————=— = —= —556m* —————
s 5 R 0600m—x s —-0360m = x—0.600m

) x—0.600 m

=5 = ) .
—556m x+4.33

But the object distance for the concave mirror is just

433x4+3.20m
5.56m " x—4.33

; 1 1 2 5356m'x—433 1 2
=o for the concave mirror; —+—=—= i
5 s R 433x+3.20m x 0360

=18.5x* —17.8x+320=0= x=0.72 m, 0.24 m.

But the object position must be between the mirrors, so the distance nust be the
smaller of the two above, 0.24 m, from the concave mirror.

b) Now having the light bounce first from the concave mirror, and then the convex
mirror, we have:

s=0.600m—s"=
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bt W ::>l=556m'1—1::>s=+.
5.56 m™x—1.00

I 1 2
—t—=—=—t—=—— :
s & R x & 0360 g X
But the object distance for the convex mirror is just
2.33x—0.600 m

s=0600m—s"= = :
53.56m x—1

2 556m7x—-1 1 2

=5~ 4=

2.33x—-0.600m x —0.360

So for the convex mirror: —+ — = E
AR

= 18.5x" — 2.00x — 0.600 =0 = x = —0.13m, 0.24m.
But the object position must be between the mirrors, so the distance nust be 0.24 m

from the concave mirror.

34.94: 1ight passing siraight through the lens:

a)

4
- I
’ !
A
Il §
."l |I
4 il
4 !
i !
.
T
[
;
[
'l
1
[
/|

= §'=151.3 cm, to the right of the lens.

s
b) —+—=—= +—=
s s f B850cm s° 32.0cm

c) The image is real.
d) The image is inverted.
For light reflecting off the mirror, and then passing through the lens:

a)
L
i = T
X 8 l S
i " i

= 5= 20.0 cm, so the image from the

Syl A i,
§ & f 200cm 3 10.0cm
mirror, which becomes the new object for the lens, is at the same location as the object.

So the final image position is 51.3 cm to the right of the lens, as in the first case above.

c) The image i3 real
d) The image is erect.
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34.95: Parallel light coming in from the left is focused 12.0 cm from the left lens, which
i3 8.00 cm o right of the second lens. Therefore:

b L = éjtl = J = 5" =4.80 cm, to the right of the second lens,

s s f —800cm s 120cm

and this is where the first focal point of the evepiece is located. The second focal point is
obtained by sending in parallel lisht from the right, and the symmetry of the lens set-up
enables us to immediately state that the second focal point is 4.80 cm to the lzft of the
first lens.

34.96: a) With two lenses of different focal length in contact, the image distance from the
first lens becomes exactly minus the object distance for the second lens. So we have:

1 1 1 1 1 1 1 1
Y —=— == —and —4—

sos A A s 2 Hg
11 [ t 1 } 1 i
e e e
R s A SE £
1 1 1 1 1
But overall for the lens system, —+—=— = —=—+—.
s ffF 5 A
b) With carbon tetrachloride sitting in a meniscus lens, we have two lenses in contact.
All we need in order to calculate the system’s focal lensth is calculate the individual

focal lengths, and then use the formula from part (a).

For the meniscus: e ={n, —n,) — 1
7 R R

m

(0.55) S = 0.061.
4.50cm 9.00cm
For the CCI, ;L:(nb —n,) & A = (0.46) LS =0.051.
7 R R 9.00cm =
1 1 1
= —=—+—=0112= f=8.93cm.
&= A
: M, H, ; M, 1.6
34.97: Aithe first swrface, S +— =025 =—F5=— F( 14.4 cm) = 23.04 cm.
55 F i,
At the second surface,
s'=14Tcm—t=_"t 5= +i—0(23 Ocm—¢)= 23.52-1.60¢=23.04—¢
H

a

= 0.60;= 048 = = 0.80cm.
(Note, as many significant fipures as possible should be kept during the caleulation,
since mumbers comparable in size are subiracted.)
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34.98: a) Starting with the two equations:

n.oon M, —H i, 7 By —H i
s s _ 4 a,[]_d_—b‘l‘—c_ c b,aﬂdmmgna:nﬁq:nc’né:n’ and
5. R P R,
" M- iy My — 12
i "
5 ==—8,, Wwe get —hq+—— = and -3
2 R : ! R
G | R B 2
A 1
:>_+_J:_+_:——(n/nhq 1)
T R R

b) Comparing the equations for focal length in and out of air we have:

Bty wy,, (-1
f(n—1>=fwn/nm—n:f{fq}:f{g} p
P’J’.ﬁq

Fi— L),
lig

34.99: The image formed by the converging lens is 30.0 cm from the converging lens,
and becomes a virtual object for the diverging lens at a position 15.0 cm to the right of

the diverging lens. The final image is projecied 15+19.2 =34.2 cm from the diverging
lens.

3 O | 1 1

*

== + ——:>f——26.?cm
s s f  =150cm 34.2cm f

34.100: The first image formed by the spherical mirror is the one where the light
immediately strikes its surface, without bouncing from the plane mirror.

1+l=l:> ! l=¥:> 5" =—7.06 cm, and the image height:
s s f 100cm s -24.0cm
y__iy__%(ozsot:m) 0.177 om.

The second image is of the plan2 mirror image, located (20.0 cn+10.0 cm) from the
vertex of the spherical mirror. So:

2 l:l: - +l=;:>s’=—13.30m and the image height.
s & f 300cm s -24.0cm
, ; -1373

a0y P Phoges 1 109

T 6.00cm 5

=0=s5 =-930cm

1.55 1

—=0= 5 =-826cm
12.8cm s

So the image is 5.26 cm below the top glass surface, or 1.24 cm above the page.

=5, =350cm+930cm=12.80cm =
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AT &) Do | o 2 s m g
Fi B & 40 cm R
At the air—lens interface: e 4 [ 5 ~ %2 ! + e 0
g R 70.0cm 5] 4l.6cm

= s =—851cm=s,.
152 133 -0.187
851cm s, —4l.6cm

The mirror reflects the image back (since there is just 90 cm between the lens and
mirror.) So, the position of the image is 401 cm to the left of the mirror, or 311 cm to the
left of the lens. So:

At the lens—water interface: = = 5, =491cm

133 152 _ 0187
-31lem s 41.6cm
1.52 1 —-0.52

At the lens—air interface: = L
—-173cm s5; —41.6cm

m = mymmm, = [”alsf J[ MaaSa J[ M8 J{”msi J
ol A Fpa®e A Fpads S Py Sy
_ [—85]}[ 491 J[+1?3Jf+4?.0j= i FE
70 A —-851/4-311/ —173
(Note all the indices of refraction cancel out.)
b) The image is real.

c) The image is inverted.
d) The final heisht is y' = my = (1.06)(4.00 mm) = 4.24 mm.

Al the waler—lens inlerface: =

= 5 =+173 e

= s, =-+47.0cm, to the left of

lens.

¥ 3(0.0360m)

34.103: a) m=— = s =(1.19%107) 5

S.'
sy 4 (27m)
:>1+lj=l+%=l(l+%j=l= L =s=294m
s s s (L19x10%s s\ L19x107) £ 0.035m

b) To just fill the frame, the magnification must be 1.59x 107 so:

:.1[“ 1 j:l: I
sU 159107 ) F 0.035m
My gl ! 1 1 vt asnimm

- =

s s Ff 25000 mm 57 35.0 mm

The resolution of 120 lines per millimeter means that the image line width is
0.0083 mm between lines. That is y'= 0.0083 mm. But:
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] 25,000
Ll 2] _(0 0083 mm)————" — 5.92 mm, which is the minimum

y 35.05 mm
separation between two lines 25.0 m away from the camera.

¥ Pl y=

5

34.105: a)From the diagram below, we see that |m| = ¢ =7 4 = E
woos ' sd
:l+l=l+ﬂ=l(l+ﬁj=d+w=l:>f= ~d . But when the object is
s w8 el ¥ d sd f d+W
much larger than the image we have the approximation:
Vs PR ST e Ll g Vel € g
WS 2 28 2F

e )

b) The film i3 24 mm » 36 mm, so the diagonal lensth is just:

d= (Jz«f +36° )mm: 43.3 mm.So:

F 38 Bty | 0| g
2(28 mm)

433 mm J

F =105 mm: # = 2arctan
2(105 mm)

PG00 B DR |
2(300 mm)

W

34.106: l+l=l:> ! +l= ! = 5" =96.7 mm.
s & Ff  1W00mm ¢ 90mm
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! 1 ! = 5 =91.3 mm.

1
s f 7 6500mm s 90 mm
= As"=96.7 mm—91.3 mm = 5.4 mm toward the film

2
SI

7 cm

34.107: a)AtagelD: f =7cm:M =2.0= = f=35cm
14 cm
blAtage30: f =14cm: M =2.0= = f=T7.0cm.
200
C)Atage 60 £, = 200cm: M = 2.0 =0 = £-100 cm.

d) If the 2.8 cm focal length lens is used by the 60-vear old, then
200cm 200 cm
= = =57.1.
f 3.5cm
e) This does not mean that the older viewer sees a more magnified image. The

object is over 28 times further away from the 60-year old, which is exactly the ratio
needed to result in the magnification of 2.0 as seen by the 10-year old.

M

aapnms 4y Latotaly 1 1o JOvem)
s s f s -25em f F+25cm
b) Height=y:>3’=arcm[ij=mm Wf+250om)) | p(f +25m)
5 F(25 cm) f(25¢cm)
¢) M=t9_’_y(f+250m) 1 _f+250m
g F(25em) y/25cm ¥ 5
d) T £ =10cm = A = 10CBF 29N _ 3 5 i is 1 4 times preater than the
10 cm
N . . . . - 25¢cm
magnification obtained if the image if formed at infinity (M, = = 2.5).

e) Having the first image form just within the focal length puts one in the
simation described above, where it acts as a source that vields an enlarged virmal image.
If the first image fell just outside the second focal point, then the image would be real and
diminished.

34.109: The near point is at infinity, so that is where the image must be found for any

objects that are close. So:
P T
f s & Mdem - 0.24m

=4.17 diopters.
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34.110: rz_a+ﬂ=rzb—kza:> 1 +1.40= 0.40
s 5 R 36.0cm s’ 0.75 cm

is greater than the normal eye, which has a cornea vertex to retina distance of about
2.6 cm.

= 3" =2.77 cm. This distance

34.111: a) From Figure 34.56, we define
d J: n(fi—d)
S S

- f - - fi+4d
b) s, =d- f=>—— L etel ol g £ _|Fl-,

d-fi & £ s HE-R) |AlA-D

! !
x—ro—rO:ro—rﬂ JC—P‘O—?‘O{

7 [0/
f’z‘_ﬁ'l'd
& rg_o g, J HlG-a_ . AlA
G nt o Ai-d A fivd Vol - fi+d
& fo AlA T (12.0cm)(18.0 cm) o
|f?|—fl+d (18.0cm—12.0 cm + 0.0 cm)
g Al 2.0 emy18.0cm) ks

\fo|-fi+d (13.0cm—12.0cm+4.0 cm)
If the effective focal length is 30 cm, then the separation can be calculated:
e A7 _ 30 o120 cm)(18.0 cm)

|- fi+4d (18.0 cm—-12.0 cm+4)
=180cm—-120cm+d=72cm=d=1.2cm.

!

34.112: Firstrecall that ‘M‘ = %,and that 8 = |21

~and 8" = 2 i
1

sy ¥
But since the image formed by the objective is used as the object for the eyepiece,

Einduds
9z

¥ = v, So M| = y_?i | ﬁ_i;{: S_Tii _A]
T ¥y Yo & S g L
S 48.0cm

Therefore, s, =

=1.33 cm, and this is just outside the eyepiece
|M| 36

focal point.
Now the distance from the mirror vertex to the lens is f + s, = 49.3 cm, and s0

- 1
L+i,=i::>5;= e =12.3cm. Thus we have a final image
1.20cm 1.23cm
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which is real and 12.3 cm from the eyepiece. (Take care to carry plenty of figures in the
calculation because two close numbers are subtracted.)

34.113: a) i_;_ir:i:;l_F L ! =5 =0837cm.
s 85 A 5 180cm  0.800cm
1 1 1 1 1 i
—t = — = =5, =7.79cm.
S, S fo s, 200cm  7.50cm
Mg, s Hs SPNOEL . ppiganggy o B o UM oo
) 0.837 cm & 7.79cm

= m,,, = mm, = (-21.5)(-25.7) = 553.

b) d=g5+5, =180cm+7.79cm=258cm

34.114: a) From the figure, g amlipt et =
fi PR
So the angular magnjﬁcaLionis:M=u—=—£.
K 7
by Mg pe Ho PO g,
£, M 6.33

c) The length of the telescope is 95.0 cm —15.0 cm = 80.0 cm, compared to the
length of 110 cm for the telescope in Ex. 34.55,

34.115:

45 om

a)ForpointC:l+lF=l:> . +l,= L d=t6hem
s & f  45.0cm s 20.0cm
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¥ =—S—y= —%(15.0 cm) =—12.0cm, 50 the image of point  i536.0 cm to
iy s

the right of the lens, and 12.0 cmbelow the axis.
For point 4: 5 =45.0 cm+8.00 cmicos45%) = 50.7 cm

3 (1 | 1 1 1 ;
St —=—m———— == =5 =33.0cm.
s & f 507cm s 200cm
) & 23.0 , ;
y=——y= —m(]iﬂ cm —8.00 cm(sin 45°)) = —6.10 cm, 50 the image of

point A4 is 33.0 cm to the right of the lens, and 6.10 cm below the axis. For point
B: 5=45.0cm —8.00 cm(cos45%) = 39.3cm

i O O 1 1 1 ;
e e e — ' =40.7 cm.
s s f  393cm s 20.0cm
- 40.7 o ; :
v =——y=—m(15.ﬂcm+ 8.00 cm(sin 45°)) = —21.4 cm, so the image of point
& .

B 15 40.7 cm to the right of the lens, and 21.4 cm below the axis.
b) The length of the pencil is the distance from point 4 to B:

L=z, =%, + (7, —¥,)" = {(33.0cm—40.7 cm)” + (6.10 cn—21.4 ern)’?
= L=171cm

A 1
lewm ¢ Filom

A
15cm LA BT

- - %
45 em 12,0 v
iy e ] A
0 )
H

KT e

34.116: a) Using the diagram and law of sines
sinf  sino

but sin & = % = sin & (Reflection Rule).

(R-f) ¢
S0 g =(K-Jf)
Bisecting the triangle: cosf = ﬂ = Rcos8 — fcosd= 2t
(R=1) 2
R 1 1 R
= f=—|2— =fo|l2——— |= f, =— (& near ().
/ 2[ cosﬂ} f{ COSL’J 5y 2( )
b) St =—0.02:>i=0.98 502—L=0.98 :cosﬂz;zﬂ.%
Ia 5 cosd 2—0.98
= 8#=114°
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34.117: a) The distance between image and object can be calculated by taking the
derivative of the separation distance and minimizing it.

D=.9+.s’but.s’=i:>D=.s+i: 5"
g—F s—F s—Ff
@_i[ st ]_ 2s 57 _52—25]"_
ds ds\s—f) s—f G-fV -5

=5 -2 =0=s(s—2F)=0= 5=0, 2f = 5,50 for a real image, the
minimum separation between object and image is 4f.
b)

L) 50|

Mote that the minimum does occur for D=4f.

34.118: a) By the symmetry of image production, any image must be the same distance

D as the object from the mirror intersection point. But if the images and the object are

equal distances from the mirror intersection, they lie on a circle with radius equal to D.
b) The center of the circle lies at the mirror intersection as discussed above.

c)
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34.119: a) People with normal vision cannot focus on disiant objects under water
because the image is unable to be focused in a short enough distance to form on the
retina. Equivalently, the radius of curvature of the normal eye is about five or six times
too ereat for focusing at the retina to occur.

b) When introducing glasses, let’s first consider what happens at the eye:
oo P P (D158 WA OO e 500 That B, e
O R 5, 26cm 074cm

object for the cornea must be 3.00 cm behind the cornea. Now, assume the glasses are
2.00cm in front of the eye, then:

sf=2.000m+52=5.000m:>l+l,=i,:>l+ . =l:
s 05 fi o 500cm f

This is the focal length in water, bui to get it in air, we use the formula from

Problem 34.98: £, = f{&} — (5.00 cm){ L0 cls

= f/=500cm

=7 27 =13 em.
y, (n—1) 1.333(1.52 -1
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35.1: Measuring with a ruler from both 5| and 5, o there different poinis in the

antinodal line labeled m = 3, we find that the difference in path length is three times the
wavelength of the wave, as measwred from one crest to the next on the diagram.

35.2: a) At S,n —r =45, and this path difference stays the same all along the

¥-axis, 50 m=+4 AL S,,», —n =—43, and the path difference below this point, along
the negative v -axis, stays the same, so m = —4.
b)

2

-

¢) The maximum and minimum m-values are determined by the largest integer less

d
than or equal to I

d) If d = ?%?\u = -7 <m<+7, sothere will be a total of 15 antinodes berween the

sources. (Another antinode cannot be squeezed in until the separation becomas six times
the wavelength.)

35.3: a) For constructive interference the path diference is mi, n=0,£1,22, ... The

separation between sources is 5.00 m, so for points between the sources the largest
possible path difference is 5.00 m. Thus only the path difference of zero is possible. This
occurs midway between the two sources, 2.50 m from 4.

b) For destructive interference the path differenceis (m+ ), m=0,£1,£2,...
A path difference of +3/2 = 3.00 m is possible but a path difference as large as
33./ 2 =9.00m is not possible. For a point a distance x from 4 and 5.00— x from B the
path difference is
x—(5.00 m—x).
X— (500w —x)=+3.00 w1 gives x = 4.00
x—(5.00m—x)=-3.00 mgives xt=1.00m

35.4: a) The path difference is 120 m, so for destructive interference:
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=120m=%=240 m.

2| =

b} The longest wavelensth for constructive interference is 3. =120 m.

35.5: For constructive interference, we need », — 3 = mih = (.00 m — x) — x = mi
2

s = ST G Ty TE00210 )

2 2f 2(120x10° Hz)

=x=075m,2.00 m,3.25m,4.50m, 5.75m, 7.00 m,8.25 m. For m=3,2,1, 0, -1,

—2,—3. (Don’t confuse this m with the unit meters, also represented by an “m™).

= 4.5 m—m(1.25 m).

35.6: a) The brightest wavelengths are when constructive interference occurs:

d:ml:}l:ijkj‘:M:ﬁSOnm,l‘t=M=S]Onmaﬂd
m 3 4
B, :@:408,“3

b) The path-length difference is the same, so the wavelengihs are the same as part

{(a).

35.7: Destructive interference occurs for:
R B SOOTIR g cn, ~SOR0NUL_ ey o
m+1/2 2.5 4.5

35.8: a) For the number of antinodes we have:
8
gt re _ mO WV _gogig g geingn—o0e
d 4f (12.0m)1.079x10° Hz)

the maximum integer value iz four. The angles are +13.4°% + 27.6%, +44.0° and +67.9°
form=0,%1,£2, +3, +4.

b) The nodes are given by sin # = @ =0.2317 (m +1/2). So the angles are

£6.65° £20.3° £354° 54.2°form=0,%1, £2, £3.

R. . _dby _(450x10™ m)(2.82x10" m)

359 Ay=— 3= =590x%10"" m
d R 2.20m

35.10: For bright fringes:
Rmi _ (1.20 m)(20)(2.02 x 107" m)
¥, 0.0106 m

d= =1.14%107 m =1.14 mm

RA3-2) (0.750 m) (5.00x107 m)
d 4.50%10™ m

35.11: Recall y, = % = Ay =Yy =, =
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= Ay, =8.23%107 m = 0.833 mm.

35.12: The width of a bright fringe can be defined to be the distance between its two
adjacent destructive minima. Assuming the small angle formula for destructive
interference
(m + 7)h
=R R
Vi d
the distance between any bwo successive minima is
_9
Yo =¥ = R = (4,00 m) 010 )
d (0.200%107 m)
Thus, the answer to both part (a) and part (b} is that the width is 8.00 mm.

E

= 8.00 mm.

35.13: Use the information given about the bright fringe to find the distance & between
Ry, (3.00 m)(600x 107 m)
vy, 484x107m

(R is much greater than d, so Eq.35.6 is valid.)

The dark fringes are located by dsin@ = (m + $)h, m =0, £1, £2, ... The first order dark
fringe is located by sind =, /2d , where b, is the wavelength we are seeking,

y=Rtan6'%RSin6'=R7'R
2d

=372%x10"m

the two slits: ¥, = %(Eq.SS.G), s0d=

We want A, such that y =y . This gives %= %anclk2 =23, =1200nm

35.14: Using Eq.35.6 for small angles,

A
= FP
Y F

we see that the distance between corresponding bright fringes is

A, =Bmpp - GOm0y 470)20(107 m)=3.17 mm
d T (0.300%107 m)

35.15: We need to find the positions of the first and second dark lines:

=7
8 = arcsin| - | = arcsin | 2210 | _g 790
24 2(1.80x10° m

= y = Rtand = (0.350 m) tan(8.79%) = 0.0541 m.
=7
Also 8, = arcsin [&J _ aresin| 200010 M) _ 555
2d 2(1.80x107° m)
= y,Rtand, = (0.350 m) tan{27.30) = 0.1805 m.
The fringe separation is then Ay =y, — ¥ =0.1805 m— 0.0541 m = 0.1264 m.

35.16: (a) Dark fringe implies destructive interference.
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dsinﬁ'zll
2

A 624x107°m
2s5ind  2sin11.0°
(b) Bright fringes: 4 siné&__ =m__ %

=164 x10°m

The largest that # can be is 90°, 50 m_, =d /h = ‘ij:jgfj = — 2.6 Since m is an integer, its

maximum value is 2. There are 5 bright fringes, the central spot and 2 on each side of it.
Dark fringes: d siné = (m +%}A. This equation has solutions for #=+11.0%+34.9° and
+ 72.6°. Therefore, there are 6 datk fringes.

35.17: Bright fringes for wavelength * are located by d sin# = mi. First-order (m =1)
is closest to the ceniral bright line, so sin# =3./4d.

%= 400 nm givessind = (400x107° m)(0.100»10~ m) and 8 = 0.229°
%= 700 nm gives singd = (700 107 m)}(0.100»x10™ m)and 8 = 0.401°
The angular width of the visible spectrum is thus 0.401°—0.229°=0.172°

Rv_ . Rh_ (1.80m)(4.50x107 m)

35.18: y=—=4d — ~1.93%10"m=0.193 m.
d v 420107 m

35.19: The phase difference ¢ is given by @ = (27 /1) s #(Eq.35.13)
¢ =[27(0.340% 107 m)/ (500 % 10°° m)]sin 23.0° = 1670 tad

35.20:
A 2
Hﬁ““‘-jfifu
S
7
3
o
ot
/// s
g A._gﬁ __ Path difference
2x A
r zﬂ{w] i
2 cm

35.21: a) Eq.(35.10): =1, cos’(#/2) = I,(cos 20.0%° = 07501,

by 60.0°=(x/3)rad

Eq. (35.11): ¢ = (27 /3)(r — 1), 50

(=)= (/20 =[(7/3)/2x .= %/ 6=80nm
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35.22: a) The sowce separation is 9.00 m, and the wavelength of the wave is
¢ 3.00x10° m/s

—=——"—-——=20.0m. Sothere is only one antinode between the sources
F 1.50x10" Hz

(m = 0), and it is a perpendicular bisector of the line connecting the sources

b} I=Iﬂcosz[ﬂJ=Io cosz[ﬂsm6j=;’0 COSQ(MSiﬂgJ
2 pl (20.0 m)
= I, cos” ((1.41)sin @)
So, ford =30°7 =0.380 [,;#=45°1=02951,
#=060°I=01171,;6=90°1=00261,

35.23:

a) The distance from the central maximum to the first mininmm is half the
distance to the first maximum, so
_ Rn_ (0.700 m) (6.60x107" m)
2d

- =8.88x10" m.
2(2.60x10™ m)

b) The intensity is half that of the maximum intensity when you are halfway to the
first minimum, which is 4.44 x10™ m. Remember, all angles are small

3524: 1) he S o 3.00x10° nvs

———————=2.50 m, and we have:
J  1.20x10° Hz

9= -n)-

b) {=1I,cos [gj

35.25:

I A .
2.50 m

[4'522”“1] = 0.4047,.

-7
a) To the first maximum: y, =& @00 mER M5 11~

- =3381%107 m.
d 1.20x107" m
So the distance to the first minimum is one half this, 1.91 mm

by The first maxinum and minimum are where the waves have phase differences of

zero and pi, respectively. Halfway between these points, the phase difference between the
waves is E_ So:

- : I
=i cos{%} = I, cos’ (gj = ?O =2.00x107° W/m".
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35.26: FromEq.(35.14), I =1, cosz[%sin 6'} So the intensity goes to zero when the

cosine’s arsument becomes an odd integer of g That is: %sinﬂ =(m+1/Dyr =

dsin 8 = h(m +1/2), which is Bq. (35.5).

35.27: By placing the paper between the pieces of glass, the space forms a cavity whose
height varies along the length. If swice the height at any given point is one wavelength
(recall it has to make a return irip), constructive interference occurs. The distance
between the maxima (i.e., the # of meters per fringe) will be

-7
M=E=L:9=mmn[ il Jzarc S46x10° m | _ 4 065,107 rad = 0.0235°.
9% 2tand 2Ax 2((1/1500) m)

35.28: The distance between maxima is

=7.
_ M _(6.56x107 m) (3.00 Gl ramsn o
2% 2(8.00x107 m)

So the pumber of frinpes per centimeter is i =27.1 fringes/cm.

35.29: Both parts of the lisht undergo half-cycle phase shifts when they reflect, so for

-7
destructive interference # = E = k = M

= =1.14%107 m=114 nm.
4 dx 4(1.42)

35.30: There is a half-cycle phase shift at both interfaces, so for destiuctive
interference:

%k, 480 nm

S R =80.5 nm.
4 dn 4(1.49)

35.31: Destructive interference for 3, = 800nm incident light. Let # be the refractive
index of the oil. There isa 3./ 2 phase shift for the reflection at the air-oil interface but no
phase shift for the reflection at the oil-water interface. Therefore, there is anst 4./ 2
phase difference due to the reflections, and the condition for destructive interference is
2t = m(A/ n). Smallest nonzero thickness means m =1, 50 2t =3,
The condition for constructive interference with incident wavelength * is
2t = (m+ 1A/ n)and 2in = (m + 3 )
But 2tn="%,,50 k=%, /(m++), where &, =800 nm.
for m=10,2=1600nm
for m =1, % =533 nm
for m =2, »=320 nm, and 50 on
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The visible wavelength for which there is constructive interference is 533 nm.

35.32: a) The number of wavelengths is given by the total extra distance traveled,
divided by the wavelength, so the number is
X 2m 2(8.76x107 m)(1.35)
T 6.48x10'm
b) The phase difference for the two parts of the light is zero becanse the path
difference is a half-integer multiple of the wavelensth and the top surface reflection has a
half-cycle phase shift, while the bottom surface does not.

=36.5.

35.33: Both rays, the one reflectad from the pit and the one reflected from the flat
region between the pits, undergo the same phase change due to reflection. The condition
for destructive interterence is 2¢ = (m + £)(4/ 1), where » is the retractive index of the

plastic subsirate. The minimum thickness is for m =0, and equals
t=3/(4n)=T90 nm/[{(4)(1.8)] =110 nm = 0.11m.

35.34: A halfcycle phase changs occurs, so for destructive interference
s % _ kg _ 480nm

peias = =180 nm.
2 2r 2(1.33)

35.35: a) To have a strong reflection, constructive interference is desired. One part of
the light undergoes a half-cycle phase shift, so:

. For an integer

2d=[m+lji:>l= 2dn__ 2290 nm) (1.33) _ 771nm

el ] [

value of zero, the wavelength is not visible (infrared) but for m =1, the wavelength is
514 nm, which is green.
by When the wall thickness is 340 nm, the first visible constructive interference

occurs azain for m =1 and vields i = Em =

3
m+—
2
35.36: a) Since there is a half-cycle phase shift at just one of the interfaces, the
minimum thickness for consiructive interference is:
=£=£= 550 nm _
4 4n  4(1.85)
b) The next smallest thickness for constructive interference is with another half
33 _3(550nm) _

wavelength thickness added: 1 === < =223nm.
4  4dn 4(1.85)

= 603 nm, which is orange.

3 nm.
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__mh_1800(6.33x10” m)
2

3537 =5.70x107 m=0.570 mm.

mil  818(6.06x107 m)
2
wh?  818(5.02 %107 m)

2 2
b) The net displacement of the mirror is the difference of the above values:

Ax=Ax, = A, = 0.248 mm - 0.205 mm = 0.043 mm.

=248%107*m,

35.38: a) For Jan, the total shift was Ax, =

For Linda, the total shift was Ax, = =2.05%10" m.

35.39: Immersion in water just changes the wavelengih of the light from Exercise

35.11,50: y= % e 0.81_133;11&1 = 0.626 mm, using the solution from Exercise
P s 7

35.11.

35.40: Destructive interference ocours 1.7 m from the centerline.

| 4.31m 4.3m 2

T
! |
|
| i
! | |
i
! = | !
: ¢
1240m | ! # 12.00m
| | Fi
| |
| | I
! |
y I
! |
| ]
|

45m+1.7Tm A5m—1Fm

n =402.0my’ +(6.2m)? =13.51 m

r, =4/(12.0m)? + (2.8 m)? =12.32 m
For destructive interference, » —» =4/2=1.19 mand % = 2.4 m. The wavelength we

bave calculated is the distance between the wave crests.
Note: The distance of the person from the gaps is not large compared to the separation of
the gaps, so the path length is not accurately given by 4 sin #.

3541: a) Hearing minimum intensity sound means that the path lengths from the
individual speakers to you differ by a half-cycle, and are hence out of phase by 180° at
that position.

b) By moving the speakers toward you by 0.398 m, a maximum is heard, which means
that yvou moved the speakers one-half wavelength from the min and the signals are back
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in phase. Therefore the wavelength of the signals is 0.796 m, and the frequency is

B OIS g,
*  0.796 m
c) Toreach the next maximum. one must move an additional distance of one

wavelength, a distance of 0.796 m.

;
35.42: To find destructive interference, d =r, — = /(200 m)" +x* —x= m+ ;Jk

X
L TAT 1
= (200 m)" +x" =x" + |:[m+5}{| iP5 [m+ 5}1

20,000 m* 1[ 1J
—Sx=at—— | mt+— [

(m+ljl 2 .
2
c _3.00x10"m/s

The wavelength is caleulatzd by 3. =— = .
f 5.80x10°Hz

=m=0:x=T6lmand m=1:x=219mand m=2:x=901m,and m =3 x =200 m.

=51.7m

35.43: At points on the same side of the centerline as point 4, the path from B is
longer than the path from A4, and the path difference J sin # puis speaker 4 ahead of
speaker B in phase. Constructive interference occurs when

dsinH—MG=[m+%}hm=0,1,2,...

sinf}:[ J(Md) [ 3}(02381),;:1 0,1,2,..

m=0,9.13% m=1,23.4°% m=2,39.4% m =3, 60.8% m =4, no solution
At points on the other side of the centerline, the path from 4 is longer than the path from

B, and the path difference d sin# puis spealer 4 behind speaker B in phase.
Constructive interference occurs when

dsir19+?u'6=[m+%}l,m=0,l, 2 -

sm9=[ J(}L/d) [ 3](02381),3% .39,

m=0,4.55%m=1,18.5°m=2,33.7% m =73, 52.5° m =4, nosolution
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35.44: First find out what fraction the 0.159 ms time lag is of the period.

_0.159x107s

At =(0.159%107°s)f = (0.159x107s) (1570 Hz)

Az = 0.250, so the speakers are 1/4 period out of phase. Let A be ahead of B in
phase.

LA
T
s |
l“\\: -\(\D&\I R
[ o
(S5 s C I
b ot i, DRHEEIR

’)
bk
!r !

r Path diff = sin &

L
1570 Hz

On A's side of centeriine: Since A is ahead by 1/4 period, the path difference must
retard B*s phase enough so the waves are in phase.

3.7
dsin® =—3%,—A,..
4L4%

g = | 22 B g aq g0
40422 m

il | DO Bl
40422m)

On B's side of centerline: The path difference must now retard A’s sound by
La2h,. ..
g Mg

—dsing =%L%L... gives — 7.2° — 38.5°

35.45: a) If the two sources are out of phase by one half-cycle, we must add an exira half
a wavelength to the path difference equations Eq. (35.1) and Eq. (35.2).
This exactly changes one for the other, for m — m+ £ and m + £ — m, since m
in any integer.
b) If one source leads the other by a phase angle¢ , the fraction of a cycle difference is

ﬂ. Thus the path length difference for the two sources must be adjusted for both

2T
destructive and constructive interference, by this amount. So for constructive
inference:r, — », = (m + ¢/ 27 )4, and for destructive interference,

i =(m+1/24 ¢/27Yh
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35.46: a) The electric field is the sum of the two wave functions, and can be written:
E, (¢)=E, (1) + E|(¢)= Ecos(wt) + Ecos(wt + ¢) = E () = 2Ecos(¢/2) cos(wi + ¢/2).

b) E,(¢) = Acos(ex + ¢/ 2), so comparing with part (a), we see that the amplitude of
the wave (which is always positive) omstbe 4 =2F | cos(¢/2)|.

¢) To have an interference maximum, % = 2mm . So, for example, using m =1, the

relative phasesare E, 19 =0, E, ip=9¢=41E, :g0=%=2ﬁ,andallmvesarein

phase.
9

1
d) To have an interference minimumn, E = ;'r[m -+ E] So, for example using

m= 0, relative phases are £, 1 @=0, £ (¢ =¢=mE, (@ =¢/2=r/2, and the resulting

wave is out of phase by a quarter of a cycle from both of the original waves.
e) The instantaneous magnimde of the Poynting vector is:

K= gocEpz(r) = &,c(4E" cos® (¢/2)cos® (wrt + ¢/2)).

For a time average, cos’ (@t + ¢,/2) = %, 50| S, |= 2&,cE” cos’ (¢/2).

3547: a) Ar=md
=41 (v d).
S0 Ar = x4+ (y+d) —yx’ +(y—d)? = m.
b) The definition of hyperbola is the locus of points such that the difference between

Pto S5, and P to 5| is a constant. 8o, for a given m and A we get a hyperbola. Or, in the
case of all m fora given % , a family of hyperbola.

Q) Jxi+(p+d) —yxl+(p—d) =(m+ L0

35.48: a) E; =E! +E] - 2E E,cos(m — @)
= E'+4E* + 4E"cosg=5SE* + 4E" cos .

1 2 5 2], (4
I=5£0cEP =£ﬂc{[5E ]+[EE ]cos@}
9 2
gﬁzO:IQ:EgocE.
5 4
Sof=f|—+—cos¢g|
{9 9 ’j}
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by [ = %Io which occurs when ¢ = na(n odd).

35.49: For this film on this glass, there is a net A/2 phase change due to reflection and
the condition for destructive interference is 2¢ = m(3,/n), where n=1.750.

Smallest nonzero thickness is given by ¢ =3,/2n.

At 20.0°C, £, — (582.4 nm)/[(2) (1.750)] = 166.4 nm.

AL170°C, ¢, = (588.5 nm)/[(2) (1.750)]=168.1 nm.

t=t,(1+cAT) 50

o =(t—t)/ (AT = (1.7 nm)/[(]66.4 nm) (150C°)] = 6.8 %107 (C*)™

35.50: For constructive intsrfersnce: dsin 8 = mh, = Jsiné = 3(700 nm) = 2100 nm.
dsing 2100 nm

L ]

For destructive interference: Jsind = [m +%j by =k, =

So the possible wavelengths are 3., = 600 nm, for m =3, and 3., =467 nm, for m = 4.
Both 4 and # drop out of the calculation since their combination is just ths path
difference, which is the same for both types of light.

35.51: First we need to find the angles at which the intensity drops by one-half from the
value of the m th bright fringe.

d I, 48
I=1,cos"| —sin@ 5 T i g e B =(m+1/2)£.
3 BT % % 2
S O = i Vi =B = DR o P
12 ad 2d

so there is no dependence on the m - value of the fringe.
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35.82: There is just one half-cycle phase change upon reflection, so for constructive
interference: 2 = (m +4)A, = (m, + £)h,. But the two different wavelengths differ by
just one m - value, m, =m —1.

:[ml +1jl1 =(m1 _1}"*2 = my(hy —h )= o = my =77L1 *hy
2 2 2 204, -4)

L, __A77.0nm+54050m _
' 2(540.6nm—477.0nm)

ﬂ:[ggjﬁjf:wﬂmﬂm
o 4(1.52)

35.53: a) There is a half-cycle phase change at the glass, so for constructive
interference:

2
3 M. | k?+[£j —x=(m+l}k
3 2

= Jxb 4+ 4k —x=(m+%}k

Similarly for destructive interference:

Nat+ 4k —x = mi

b} The longest wavelength for constructive interference is when m =0
SN A —x J(14 cm)? +4(24 cm)* — 14 cm 3
m+ 4 1/2

T2 cm

35.54: a) At the water (or cytoplasm) to guanine interface, is a half-cycle phase shift for
the reflected light, but there is not one at the guanine to cytoplasm interface. Therefore

there will always be one half-cycle phase difference between two neighboring reflected
beams. For the guanine layers:

2t
S iy gy, el ATARGGLO0) SO0 oy gt ),
, (m+1) (m+%) (m+%)
For the cytoplasm layers:
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1% 2t m 2(100 nm) (1.333) 267 nm
N [TV L O M o
2)n, (m+7) (m+ 1) (m+1)
b) By having many layers the reflection is strengthened, because at each interface
some more of the transmitted light pets reflected back, increasing the total percentage
reflected.
c) At different angles, the path length in the layers change (always to a larger value
than the normal incidence case). If the path length changes, then so do the wavelengths

that will interfere constructively upon reflection.

= A& =533 nm(m = 0).

35.55: a) Intensified reflected light means we have constructive interference. There is
one half-cycle phase shifi, so:
Qt:[m—l- ]J}L_ﬂL 2m 2(485 nm)(].53)21484nm

2 D mh (m+4)
= A=593 nm(m = 2),and 4 = 424 nm (m = 3).
b) Intensified transmitted light means we have destructive interference at the upper
surface. There is still a one half-cycle phase shift, so:
o 2tn _ 2(435nm) (1.53) 1484 nm

H m m m
= A =495nm (m =3)
is the only wavelength of visible light that is intensified. We could also think of this as
the result of internal reflections interfering with the outgoing ray withews any exira phase
shifts.

2t=m—k::>

35.56: a) There is one half-cycle phase shift, so for constructive interference:

S [m+l]h - 2 = 2(380 nm) (143) - 1102 nm

" (m+7) (m+3) (m+3)
Therefore, we have constructive interference at 4 = 441 nm (m = 2), which corresponds
to blue-violet.

b) Beneath the water, looking for maximum intensity means that the reflected
part of the wave at the wavelength must be weak, or have interfered desiructively. So:
Ay 2mm 20380 nm)(1.45) 1102 nm

= hy=—= = .
L il i K
Therefore, the strongest transmitied wavelength (as measured in air) is
A=2551 nm (m = 2), which corresponds to green.

2t =

35.57: For maximum intensity, with a half-cycle phase shift,

www.FreelLibros.me



2r=(m+%}x andt=R—R: 2 :@=R—JR?—VQ

I T +[(2m+1)ﬂ2 ~ (2m+1)AR
4 4 2

2
:r:J(Zm—gl)lR_[(Zmi—l)l} P /w,fmhm

The second brighi ring is when m=1:
- \!(2(1)+ 1) (5.80 % 107" m) (0.952 m)

2
So the diameter of the third bright ring is 1.82 mm.

=910%10" m=0.910 mm.

35.58: As found in Problem (35.51), the radius of the mth bright ring is in seneral:

| [@m+rR
s —2 5

for R => 3. Iniroducing a liquid between the lens and the plate just changes the

wavelength from . — &
i

r(n) = 147(2”? LI
2n Jw s

35.59: a) Adding glass over the top slit increases the effective path length from that slit
to the screen. The interference patiern will therefore change, with the central maximum
shifting downwards.

So:

b) Normally the phase shift is ¢ = %sm £, but now there is an added shift from the

olass, so the total phase shift is now

g2 sin.9+[2m£n I 2@]: ed o 2d(n-1)_ 2
A Aok A

(d sin 8+ Lin-1)).

So the intensity becomes I = 7, cos’ % = [, cos’ (g (dsinB+ Lin— 1))}

c) The maxima occur at %(dSiﬂg-FL(M—])):mi’T:)dSiﬂg:mk—L(?l—])

35.60: The passage of fringes indicates an effective change in path length, since the
wavelength of the light is petting shorier as more gas enters the tube.
_=2L 2k —E(n—]):b- (n—])—%.
AMroo ok A 2L

So here:
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4R(5.46 %107
W L R
2(0.0500 m)

35.61: There are two effects to be considered: first, the expansion of the rod. and second,
the change in the rod’s refractive index. The extra length of rod replaces a little of the air
so that the change in the number of wavelengths due to this is given by:

el 2 AL 2ty ~DLg@AT

AN, =
Ay hy by
=€ o o
_ aw, = 20:48-D (0030 ) (50010 JEE00T°Y sy
5.89%107 m

The change in the number of wavelengths due to the change in refractive index of
the rod is:

_ 28ng. Ly 2(2.50x107/C°) (5.00 €°/min) (1.00 min) (0.0300 m)
. By 5.89%107"m

So the total change in the number of wavelengths as the rod expands is
AN =12.73+41.22 =14.0 fringes/minure.

=12.73.

35.62: a) Since we can approximate the angles of incidence on the prism as being small,
Snell’s Law tells us that an incident angle of # on the flat side of the prism enters the
prism at an angle of #/x, where » is the index of reftaction of the prism. Similarly on

leaving the prism, the in-going angle is &/ — 4 from the normal, and the ourgoing,
relative to the prism, is n(#/%n— A} So the beam leaving the prism is at an angle of
8 =u(8/r— A)+ 4 from the optical axis. So # - &' = (n—1)4.

At the plane of the source S, we can calculate the height of one image above the

source: % —tan@-8)a=(@—8a=(n-1da =d = 2ad(n-1).

b) To find the spacing of fringes on a screen, we use:
_ Rk Ry (2.00m+0.200m) (5.00 107" m)

Ay - — = =1.57%107 m.
d  2ad(n—1) 2(0.200m) (3.50> 107 rad) (1.50—1.00)
=1 —4
s6d: y oo 28 (35107 m) (750107 m)_ e o
a x 2.00 m
-7
T =St OROMIIHO AORIOF )iy sy

a ¥ 10.2x107m
36.3: Theangle to the first dark fringe is simply:

-
g = arctan {£j=arc:an M —0.15°
a 0.24x10m

www.FreelLibros.me



220, 2(3.50m) (6.33x107 m)

- =5.91x10"m.
a 750107 m

364: D=2y =

36.5: The angle to the first minimum is # = arcsin (&J = arcsin L = 48.6°
a 12.00 cm

So the distance from the central maxinmum to the first minimum is just y, = tan 8 =
(40.0 cm) tan (48.6°) = +45.4 cm.

36.6: a) According to Eq. 36.2

9 e T et = TR
. 3 i3 s
Thus, 2 =% =580 nm = 5.80x10~ mm.

b) According to Eq. 36.7

I _[sinfmGsing)/a]|" _ [sinfreinn)] " 0.128
I, | ma(sin8)/A #(sin %) o

36.7: The diffraction minima are located by sin # = md/a, m =11 £2,...

A=v/f =04 mfs)/(1250Hz)= 0.2752 m; 2 =1.00 m

m==1, #=+16.0°% m=12, d=4334° m=43, §=455.6 no solution for
larger m

36.8: a) E=EF__ sin(kx—wi)

B 2_;7 2 2

k =L e _524%107m
k 120x10'm
2
frmrey faSe SOV R oo ou,
% 524x107m
b) asin 6=%
-7
B e—

sng  sin 28.6°
c) asin@=mh(m=123,..)

=T
H =42 h — 4 524«107 m
B 6"2 12 D 12 108 =107%m

g, =274

36.9: sin # =} /a locates the first minimum
y=xtan#, tan & = vfx = (365 cm)/(40.0 cm) and & = 42.38°

a=3/ sin 8 = (62010 m)/(sin 42.38%) =0.920 um
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B xh (2.50m) (5.00x107 m)

36.10:a) y=—=a — = 41710 m.
a ¥ 2002107 m
=3
T G LT
7 3.00x10°m
=10
G oot @NWE00ITm) o
¥ 3.00%107m
=7
Wil af gy SOIIOONIONIY 5 o S0 m: Bothowiiih et

3.50%107*m
brightest fringe is twice this distance to the first minimum, 0.0109 m.
! - =T
b) The nextdark fringe is at y, = = = 2600 m)(“gj 1075 _ 60109 m.
2 3.50%107 m

So the width of the first bright fringe on the side of the central maximum is the distance
from y, to y,, whichis 5.43x10”m.

4
ity f= i 2R, Y FEWRIT) ey,
A % x  (6.20x107m)(3.00 m)
=l =5
i el (il BT, gy
3 2
y 2 i
Loy [smeDY _, (SIH(O'?GO)T=O.82H
' A2 ‘L 0.760 ¢
-1 -3
T e e e L AL L SRRTER
) 5
in(5/2) in(2.28) Y
=8 [%] =i (%J — 01117,
-1 =3
& e Sibli Rt . BP0 )(;'00“0 m) _ 350,
in(5/2) Y in(3.80) "
ey g BRI g (WBUBIY . aoegr
B2 3.80
-7
63ty 5o Pe CUMIOANID 1) oo g

2.40%10* m
by B g g VPR Wil Jm8 W
Iy e x b 2ax

L (s P 2 (sin (/)Y o]
=I=1I, [—,6’/2 ] — (6.00%10°° W/m )[—Rﬁ ] = 2.43%107° W/m”.
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36.14:2) #=0: ﬁ—? sin 0° = 0,

by At the second minimum from the center £ =2ﬂ sin 4= %- e =4
[
4
¢) p=2ging =200 M 560191 rad
6.00x107m
36.15: ,ﬁ=2—fsm93x=@sme it 20;210 ) ¢in 0.24° = 5,36 x10°m.
P

36.16: The total intensity is given by drawing an arc of a circle that has lensth £, and

finding the length of the cord which connects the starting and ending points of the curve.
So graphically we can find the electric field at a point by examining the geometry as
shown below for three cases.

E,
a) ﬁ—zﬂ 9—@-i—:’r From the diagtam, z— =E, = E =EEO.
A 2a 2 o
2
So the intensity is just: /= (EJ fy= %
T T
This agrees with Eq. (36.5).
A= E'.' IIII
' /
/
/
,.//
ij . 2mz b
b)f=——sinf = e = 2. From the diagram, it is clear that the total amplitde
i

is Zero, as is Lhe intensity. This also asrees with Eq. (36.5).

/ T

i \\
) \I

T=2v :. I:I
\ g
\___r:,____//

E,
c) ﬁ_zﬂ in8= 2—T 3—9;_3,@ From the diagram, 37— = E0:>Ep=%EO. So

the intensity is just:

2% 4
F=l=—| & =i
[3#} O ggtt
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This aprees with Eq. (36.5].

27 _ 27(1.05%10™ m)

3617 ) = T gk = TP gie 5in 3.25° =
7y B 56.0 rad
6.63x107" m.
- ? . ?
by gt [PRY) [ EEUD ) g agiin®yr,
B2 56.0/2

36.18: a) Ignoring diffraction, the first five maxima will occur as given by:

d sin & = mih = 8 = arcsin [m?lj=arcsin [T—}”j form=1,2,34.5.
[

b) }3=2ﬂ3m5=@.m_l=m_’r,and¢=_2m5m9=_2’ﬁ.m_?“=2m_
H S d 2 A A d

So including diffraction, the intensity:

i 2 . 2 . 4
I:foCOSQE SiLG2) = Foo8" 2 sl e 1) =i sin(mz /4) )
2\ B2 2 mmid mrid
So for
i f/4 : 1 /iz .
m=1:f=| 2T 1 _ogitr;m=2: 1, =| 2D 1 04081,
;’T]r-’-'l- ;’sz

. 2 " 2
e | POOTATT . G0 e e [BOGEL | B
3x/4 T

. 2
m=5:1, = [%ﬂﬂ I, =0.03241,.

36.19: a) Ifi = 3, then there are five fringes: m=0,£1,4+ 2.
id

b} The m =6 interference fringe coincides with the second diffraction minimum, so
there are two fringes (m = +4, m = + 5) within the first diffraction maximum on one side
of the central maximum.

36.20: By examining the diagram, we see that every fourth slit cancels each other.
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36.21: a) If the slits are very narrow, then the first maximum is at

% i,
%

. (% . [5.80x107 m
= 8 = arcsin | — |=arcsin | ————
i 5.30x107 m

Also, the second maxinmum is at

@ =3
A

J = 10.0627°.

=7
:)E?Q=arcsin[&J=a,rcsin w =+ 0.125°
d 530x10"m

. 2
b) I=1,cos’ %{MJ but cos% =1, since we are at the 2 slit maximum. So

B2
2 2
sin(za sin &, /1) sin(ma/d)
dmulyl —— = g = s
za sin &, /i wald
. 4 = 2
S8 T, sm(;'r(3.20><15)4 111)/(5.30><191 m}) — 0.2491,.
7(3.20x10™ m)/(5.30x107* m)

;[ singmsin 8, /%) f _, [sin@x afa) k
P mesin g,/ 2mald

sin (27(3.20x107° m)/(5.30%107* m))
=I =1 = s
27(3.20x107 m) /(5.30%107 m)

2
J = 0.02561,.

4 2
36.22: We willuse 7 = I,cos’ %{%’%Z)J , and must calculate the phases ¢ and 5.

Using f/2= %sin &, and ¢ = %sin A, we have:

a) A=125x10" rad: £/2 = 0.177(10.1°), and § = 1.01¢57.9°) = I = 0.7571,.
b) #=2.50x10"" rad: 8/2 = 0.355(20.3°), and ¢ = 2.03(116.3°) = I = 0.2681,.
€) 8=3.00x10" rad : #/2 = 0.426(24.1°), and ¢ = 2.43(139.2°) = I = (0.114)/,.

36.23: With four slits there must be four vectors in each phasor diagram, with the
orientation of each successive one determined by the relative phase shifis. Sc:
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(1) o= Ly a=15n (R h=—
e 2

We see that destructive interference occurs from adjacent slits in case (ii) and from
alternate slits in cases (i) and (iii).

myh

36.24: Diffraction dark fringes occur for sin 8 =

, and interference maxima occur
a

b

for sin & = . Setting them equal to each other vields a missing bright spot whenever

the destructive interference matches the bright spots. That is:

md;l T m = i,m‘i =3m,. That is, the missing parts of the pattern occur for
& i

m, =3,6,9...=3m, for m = integers.

36.25: a) Interference maxima: Diffraction minima:

dsin 8 =ml and a sin 8, = #h.

If the mth interference maximum corresponds to the wsth diffraction minimum then
8.=6,

or

4
£

= |3

50

a= P ot oiBAe vy = DRSO
m 3

b) The diffraction minima will squelch the interference maxima for all L up to
H
the highest seen order. For A = 630 nm, the largest value of m will be when # = 90°,

d 840x10*m

ke N Bl pgqq
% 6.30x107 m

- N B.40x107 m _
A 3(6.30%x107 m)
Soafter m=3,m=6,9...,1332 forn=12,3...., 444 will also be missing.
¢) By changing 3 we only change the highest order seen.
~d 840x10" m
T A 4.20x107 m
_ 2000

= 2000.

™A

= 666.

Flmey =

ki
A
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Som=36,9...1999forn=1,2,3,..., 666

36.26: The third bright band is missing because the first order single slit minimum occurs
at the same angle as the third order double slit maximum.

Missing

— domi %
- .

g v

g
LA
i fan & = 2o

oadt = Wem

g=1.91°

Single-slit dark spot: @ sin & =3
i B e SOOI e Sy i SEES
sin ¥ sinl.91°
Double-slit bright fringe:
d sin 8 = 3}
o SOOR o oo e b
sin #  sin 1.91°

3=

36.27: a) Find d :d sin 8 = mh
8 = 78.4°for m = 3 and h.= 681 nm, 50 d = mi/sin #=2.086 x10~ cm

The number of slits per cm is 1/d = 4790 slits/cm
b) Ist order: m =1, 50sin 8 = 4/d = (681x 107 m)/(2.086x10° m)and # =19.1°

2nd order: m =2, 50 5inf = 23./d and # = 40.8°
c) For m=4,sin# =4/4d is greater than 1.00, so there is no 4th-order bright band.

36.23: First-order: dsiné = A
Fourth-order: 4 siné, = 43,

dsind, 4k
dsing, A
sin &, = 4sinf, = 4 5in 8.94°
#, =38.4°

36.29: a) d = )em=1.111x10" m
For %= 700 nm, 3/d = 6.3x107%. The first-order lines are located at

sin & = A/d; sin & is small enough for sin & = # to be an excellent approximation.
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b) y=xk/d, wherex=2.50m.
The distance on the screen between 1st order bright bands for two different
wavelengths is Ay =x(Ay)/d, 50 Ah=d (Ay)/x
=(1.111>107° m) (3.00>107* m)/(2.50 m)=13.3 nm

A 6.5645x107 ' m

= = = 1820 slits.
mhh  2(6.5645x107 m—6.5627x107" m)

36.30: a)R:L: Nm =N
Ad

b) 4 = (500slits/mm)™ = (500,000 slits/m)™ -8 = sin_l[%j =

8, = sin™ ((2)(6.5645x 107 m)- 500,000) = 41.0297°
8, =sin™ ((2)(6.5627x107 m)- 500,000) = 41.0160°
= Af = 0.0137°.

m(6.328 %107 m)
1.60x107° m
= m=1:8=233%m=2:8=752.3° All other m-values lead to angles greater than

90°.

36.31: & =arcsin (m?}”j = arcsin [ J = arcsin ((0.396)m)

1
5.00210° m™
dsing (2.00><]0"S m) sin 13.5°

m 1

2(4.67%107
b) m=2:9=arcsm[ﬁ]=arcsm Sl bindU ) S
d 2.00x10% m

36.32: 5000 slitsfem = d = =2.00%10"° m.

a) dsinf=mh=h= =4.67x107 m.

1

W =2.86x 10_6 m. Then :
: X iy}

36.33; 350 slits/mm = 4 =

m(5.20%107 m)
2.86%10° m
S>m=1:8=105% m=2:8=21.3% m=3:8=331°

d sin @ = mh = & = arcsin [%Jzarcsm{ Jzarcsin((O.ISZ)m)
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1

36.34: 350 slits/mm = 4 =
3.50%10° m"™

= 2.86 %10 m., and dsin@ = mh.

2.86x107° m

-7
8,4, = arcsin [E] _ arcsin | 2o0x10 0] _ 4 1e
d 286x10° m
= A8 =14.18°8.05° = 6.12°.

3% 3(4.00x 1077
= m=3:8,, = arcsin | — = arcsin (x—_ﬁm) = 24.8°.
d 2.86x107" m

-7
8., = arcsin [%] — arcsin [WJ ~47.3°,

=7
:}m=1:64m =arcs]_n [§J=ar05iﬂ. [4-00X10 mJ:S.OSQ_

2.86%x10° m
= A8, =47.3°— 24.8°=22.5°

1

36.35: 4000 slitsfem = d = ——————
4.00x10° m

=2.50%107° m. So for the & -hydrogen

line, we have:

=
8 = arcsin [ 72 | = arcsin | 2826210 0D ) _ o csin ((0.262)m).
d 2.50x107 m

=>m=1:4=15.2";m=2:8=316".
And for the f -hydrogen line, the angle is given by:

=
8 = arcsin (m—k]zarcsin m86x10 M) resin ((0.194)m)
d 25010 m

=>m=1:8=11.2";m=2:8=229";s50, a) A8 =4.00°, b) AP, =8.77".

o 587.8002 nm _ 587.8002
mAL  (587.9782 nm - 587.8002 nm)  0.178
= N =3302 slis.
N oB® slits
1.20cm 1.20cm Ci

36.36: i=z"'xﬁrra::> N=
Ak

36.37: For x-ray diffraction,

mh 2(8.50x 107 m)
=d=
2sind 2sin 21.5°

2dsinf=mi—=d= =2.32x107"° m.

36.38: For the first order maximum in Bragg reflection:
2dsin8®  2(4.40x107° m)sin 39.4°
mo 1
www.FreelLibros.me
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36.39: The best resolution is 0.3 arcseconds, which is about 8.33x107°°,
1225 1.22(5.5x107" m)
sinf,  sin(8.33x107°)

b) The Keck telescopes are able to pather more light than the Hale telescope, and
hence they can detect fainter objects. However, their larger size does not allow them to
have greater resolution—atmospheric conditions limit the resolution.

a) D= =046 m=# 0.5 m.

1223 1.22(5.5%x107 m)

36.40: D=""= ; =2.31%10" m=2.3 mm.
sin &, sin(1/ 60y

&
L22R_ poma 1oopimasmy 21l O

36.41: sin g =].22£:>D= -
D sin g, w 2.8x10" m

= D =188 m.

' (3 -3
36.42: sind =120 % 5= D800 DY _ (8.00x10° m)(1.00x10™)
D 197 1.22 1.22

= &= 0.0656 m = 6.56 co.

-7
26:43: gitg =19 Ly 0201V "0
D 7.4%10% m

diameter of the Airy ring i3 given by rigonomeiry:
D=2y=2xtanf = 2xsin = 2(4.5 m)(0.102) = 91.8 cm.

= 0.102. The screen is 4.5 m away, so the

36.44: The image is 25.0 cm from the lens, and from the diagram and Rayleigh’s criteria,
the diameter of the circles is twice the “height™ as given by:

2s' 2y 2(0.130 m)8.00x10 m)

DLy et =1.15%10"*m=0.115 mm.
V] Sy 8 25.0m

36.45: sin g, =1.22l =D= febah %].22k£
D i

sin g,

1l
T ) el L N

2.50x10°m

-3
¥ _ ¥D _ (400x10”m)0.0720m)

& = =429 m.
D s 122 1.22(5.50x107 m)

36.46: sing =1.22

112

36.47: Let v be the separation between the two points being resolved and let s be their

distance from the telescope. Then the limit of resolution corresponds to ].22% —

&
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a) Let the owo points being resolved be the opposite edges of the crater, 5o v i3 the
diameter of the crater. For the moon, s = 3.8%10° m.

y=122hs/D
Hubble: D=2.4m and * = 400 nm gives the maximum resolution, soy =77 m

Arecibo: D=305mand =075m; y=1.1210° m
iy

T 1.22%
Let y = 0.30(the size of a license plate)

s = (0.30 m)(2.4 m)/[(1.22)(400%107° m)] = 1500 km
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36.48: Smallest resolving ansle is for short-wavelength light(400 nm)

_9
Bt a0 B B Ao
D 5.08 m
.f’.//
f g 10,000 mi
/,,/’ SUSpot
) - 10,000 nm

R
2_10.000mi _ 16000km _ . o,

8 96x107mad
This is less than a light vear, so there are no stars this close.

36.49: Let v be the separation between the two points being resolved and let s be their
distance from the telescope. The limit of resolution corresponds to 1.22 3/ D = /s

5=4281y=405%10"%m

Assume visible light, with 1 =400 m

y=122hs/D=1.22(400%10" m)(4.05x10"° m/(10.0m)=2.0x10°m

The diameter of Jupiter is 1.38x» 10% m, so the resolution is insufficient, by about one
order of magnitude.

36.50: a) For dark spots, a sin & =m}, 50 sin & o 1/e. Heating the sheet causes the slit
width to increase due to thermal expansion, so sin # and hence £ will decrease.

Therefore the bright region gets narrower.
b) At the lower femperature:

where tand, =2 _, g —0.35809"

3in &, 800 cm
500 nm

“ 7 $in 0.35809°
At the kigher temperature:
Bifigy - 2ol —BLEm o0  paszope
200 cm
iy 500 nm
Hy = = e
sin &, sin 0.35802

Thermal expansion: Ag = g AT

al=

=50,002 nm

=80,018 nm
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Aa 80,018 nm— 80, 002 nm
T @AT (80,002 nm)(80°C)
= 2.5x10FoC

WSl a) Fed, s L SOERSH O/ _3I % _ 62071, Solving for z through
7 x asin &/, X

trial and error, and remembering to use radians throughout, one finds x=1.39 rad and

f=2x=278rad Also, A8 = =2¢,, and

ﬁ—%smﬂ:bsmﬂ el }[2'?8 radJ=0_442£

2ma 27t a
i) %—Zzbfsmé? =0221=8,=0223rad = A#=0.M6rad = 25.3".
ii) %—S:H.mé? =0.0885 =@, =0.0886rad = A8 =0177 rad =10.1".

iii) I =10=sinf, =0.0442 = 2, = 0.0443 rad = A# = 0.885 rad = 5.07".

b) For the first minimum, sin 8, = &
[23

B Pl gdin| = i s O = 1 i GBEY
% 2

ii) % =5=8,= arcsin[%j = 0201 rad = 28, = 0.402 rad = 23.0".

iii) %=10 =6, =arcsin[%j =0.100 rad = 28, =0.200 rad = 11.5".
Both methods show the central width getiing smaller as the slit width a is increased.

36.52: If the apparamis of Exercise 36.4 is placed in water, then all that changes is the
_ 26 _ 2D _5.91x107m _
an # 1.33

wavelength » — 3/ =£ So:D' =2y,

4.44»10% m = 4.44 mm.

36.53: sin & =/a locates the first dark band

_A
sin g, = LS B
[ o
sing. .
Py = A | ——2ad | 04836
tipl *‘“{ sind__ ]

h=hy/n (Bq.33.5), 50 n=h,, fhy .y = 1/0.4836 = 2.07
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36.54: For bright spots, L-sin8 =5
Red: Lsing, =700 nm
Violet: +sin 4, = 400 nm
sing, 7

sing, 4
B, -8, =158, =8, +15°

sin(@, +15% 7

sin 8, 4
Ex :sin{:?v 00515-"+0059\, sinlS":_U4
sind,,

cos15°+ cot &, 5inl5° = 7/4
tan g, = 0.330 — &, = 18.3°

#, =8,+15°=18.3°415°=133.3°

Line density: —sinf, = 700nm
N= L . 33'_39 = 7.84%10° lines/m
700 pm  T00x107"m
= 7840 lines/cm

The spectrum begins at 18.3° and ends at 33.3°

=7
120 m)E40x107m) oo

36.55: a =
LW, 36010 m
sin(ma sin 8/4) o g masing _ 1329
masingfh 2 9

C(1.39)(5.40%107 m)
7(3.60x107* m)
= y=xtan# ~ xsind = (1.20 m)(6.64x107*)=7.97 10~ m = 0.797 mm.

6.64%107

= sinf

| 2
36.56: ) [ =1, [Sm—?} .The maximum intensity occurs when the derivative of the
¥

intensity function with respectto ¥ is zZero.
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df d | siny g siny ){ cosy siny
—=I,—|—| =2 s—gt= =)
dy dyl v v ¥ ¥

cosy siny
)
¥
=y =tan

=> yCO0s) = 50y

b)

Camrma minis L0
L fend Saieni !

i ; i s
(KNI L8] 4.0 B0

Chnrnmmi

8.0 10,0 1

The praph above isa plot of f{ ¥ )= ¥ —tan . So when it equals zero, one has an
intensity maximum. Getting estimates from the graph, and then using trial and error to
narrow in on the value, we find that the three smallest y -values are y= 4.49rad 7.73 rad,

and 10.9 rad.

36.57: The phase shift for adjacent slits is ¢ = i 5in & = e =8= ﬂ
A A 2md
So, with the principal maxima at phase shift values of ¢ = 2mm,and (N —1) minima

between the maxima, the phase shift between the minima adjacent to the maximmum, and

the maximum itself, nmst be £ 2—;

Therefore total phase shifts of these minima are 2n i%?.

Hence the angle at which they are found, and the angular width, will be:
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91=—[2mi—J=m—Kii:>AHi=£.
N) & an dN

36.58: a) E; =E. +E, .So, from the diagram at right,
we have:
2

2 . : 2
E—E=(1+cos¢+0052¢) + (sin ¢ + sin 24)

= (2 cos’ ¢ +cosg)’ + (sin ¢+ 2 sin gcos @)’
= (cos’ ¢ +sin” ¢)(1+ 2cos¢)”

z
£

:F:(l+ 2c08¢)’ = E, = E;(1+ 2cos @).
0

4
Intensity

AL {1 ¥ 1 - H
[y a2 3G 4 38 RD T RO A0 00

c) () At8=0,I, = I,(1+2cos0°))* =91,

(ii) The principal maximum is when 7, ARG =2mm = dsin & = mh

(iii) & (iv) The minima occur at 2 cos {@] =-1= &;mg = 2:;?:1

= dsind = mTl,with m not divisible by 3. Thus there are two minima between every

principal maximum.

i i
(v) The secondary maxima occur when cos [MJ =—1=i, =f ==
A 9
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oizﬁd;mE?:mﬁ:)dsinS:%}”.

All of these findings agree with the N -slit statements in Section 35.5.
d) Below are phasor diagrams for specific phase shifts.

Als

» a=d3 3

- {min] _

PR —_— —_—
=23

G=r
{max)

fmin; w=27

[max

36.59: a) For eight slits, the phasor diagrams must have eight vectors:
T

e
-~

b) Forg = S:Tﬁ, P= %T, and ¢ = %r, totally destructive interference occurs between

. 3z — . :
slits four apart. For ¢ = % totally destructive interference occurs with every second slit.

5

A

36.60: For six slits, the phasor diagrams must have six vectors.

a) Zero phase difference between adjacent slits means that the total amplimde is
6F, and the intensity is 36/7.
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b) If the phase difference is 2, then we have the same phasor diagram as above, and
equal amplitude, 6F, and intensity, 36/.

c) There is an interference minimum whenever the phasor diagrams close on
themselves, such as in the five caszs below.

ONE

1

\VAS,

=T
3

36.61: a) For the maxima to occur for N slits, the sum of all the phase differences
between the slits must add to zero (the phasor diagram closes on itself). This requires
that, adding up all the relative phase shifts, N¢ = 2mm, for some integer m . Therefore

= ZTM, for m not an integer multiple of N, which would give a maximum.

b) The sum of N phase shifts # = %m brings you full cirele back to the maximum,

so only the N —1 previous phases yield minima between each pair of principal maxima.

36.62: As shown below, a pair of slits whose width and separation are equal is the same
as having a single slit, of twice the width.

27 2m
=——3in#, 30 8 =——3in = 4.
¢ 3 s 7 P
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So then the intensity is

I=1I,cos’(5/2) (smv(ﬁ /2) ] g A0 2 ens( AN

5/2) p
- TR r
e sm?,r_'i’ i, sin ,('S’?),
B (£'/2)
. 27(2a) . — . —
where §'= = sin #, which is Eq. (35.5) with double the slit width.
36.63: For 6500 slits/cm = d = ;-1 =1.54%10"° m. When# = 90°, m =3 so
6.50%210° m
one barely gets the 3rd order.
. -
E e P =§=w=5.13x104 m
Hl

36.64: a) As the rays first reach the slits there is already a phase difference between
adjacent slits of M

This, added to the usual phase difference introduced after passing through the
slits, yields the condition for an intensity maximum:
27d sin & x 2 sin &’

8 '8
b) 600 slits/mm = d =

=2mm = d(sin 8 +sin ') = mh

1

W:].G?X]O_E L.
LN il
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=0 :m=0:8=arcsin(0)=10.

o -7
m=1:9=a.rcsin(5]=arcsm [w =29
d 1.67x10° m

e

=7
m=—1:8=arcsin | - |=arcsin [ - 2201 D) _ 590
d 1.67x10° m

#'=20.0° :m =0:8 = arcsin(—sin 20.0°)=-20.0".

-7
m=]:9=msin{6.50x10 m

> sin20.0° |=2.71%
1.67%x10% m

-7
m=—1:8=arcsin | 22010 2 _ 4 900 |=—a7.00
1.67x10 " m
36.65: For 650 slits/mm = 4 =;_1= 1.53x107° m.
6.50x10° m

We need d sin 8 =md = sinfd = m?ik = 1, if the whole spectrum is to be seen.

L

h =4.00x107m:m= .d=0.26;m= :&

=0.52; m = :&
d

=078
d

l,z=T.UOXIO_?m:m=]:%=0.46;m=2:%=0.92;m=3:%=].3?.

So the third order does not contain the violet end of the spectrum, and therefore only the
first and second diffraction patterns contain all colors of the spectrum.

36.66: a) 2dsin &= mh = & = arcsin [m—?\j | e R
2d 2(0.282 nm)
= arcsin(0.2216 m).
Soform=1:0=12.8%m=2:9=263% m=3:0=41.7°, and m=4:6 =

62.4° No larger m values vield answers.

b) If the separation d = ——, then & = arcsin Vama ) _ arcsin(0.3134 m).
\E 2a

Sofor m=1:=18.3", m=2:8=388",and m=3:8="70.1". No larger m values
vield answers.

36.67: a) d sin & = mh Place 1¥ maximum at o or 8 = 90",
d =3 1f 4 < }, this puts the first maximum "beyond «0.” Thus, if 4 < 3, thereis

only a single principal maximum.
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d sinfd

b) @, =27 (

of the path difference between adjacent sources.
If we add a relative phase & between sowrces, we still must maintain a total phase
difference of zero to keep owr principal maxinmum.
T 9=sm-1(ﬂ]
N A 2md

j . This just scales 2 radians by the fraction the wavelength is

0.280 m

c) d= = 0.0200 m {(count the number of spaces between 15 points).

Let #=45. Alsorecall fA=c,s0
5 ., 27(0.0200 my8.800x10° Hz) sin 45°

i - = +2.61 radians.
(3.0010° m/s)

36.68: sin 9= ].22i = # =arcsin (1.22lJ . So for
D D

(5.00107 m)

a) Mauna Kea: 9=amsin(1.22 J=(4.21><10“‘)°.

(8.3 m)
b) Arecibo: # = arcsin l.EQM = 0.0481".
(305 m)

36.69: Toresolve two objects, according to Rayleigh’s criterion, one must be located at
the first minimum of the other. In this case, knowing the equation for the angle to the first
mininmm, and also the objects’ separation and distance away, the sine of the angle
subtended by them is calculated to be:

Ax alx  (3.50%107" m)(2.50 m)

dhd— b iy P -
a R x 6.00107 m

=1458 m=1.46 km

70 SRSl e PR R ey
DR D of

o (1.22)(3.00%10° km/s)(7.2%10° ly)
(77.000%10° km)(1.665 x10° Hz)

= 9.41x10" km/ly - 2.06 ly =1.94x10" km.

=2.061y.

36.71: Diffraction limited seeing and Rayleigh’s criterion tell us:

-7
sita=1apd (BRI M) o ot
D (4.00x107 m)

But now the altitude of the astronaut can be calculated from the angle (above) and the
object separation (75 m). We have:
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=4.90%10" m= 490 km.

Ax Ax Ax 75.0 m
— =tanP = k= ] =
h tan® sin 8 1.53x107

& 5
36.72: 2) sin & =122 & 2% -, g Dhx _ (600x10 m)(2.5(25><10 m) _
D R 1.225 (1.22)1.0 %10 m)
1.23%10" m. But 941x10"° m/ly = R=13.11y.
12238 (1.22)(1.0%x107° m)(4.22 Iy)(9.41x10° m/ly)
D

1.0m

b) Ax =

4.84»10" m=4.84x10° km.

=5 10,000 times the diameter of the earth! Not enough resolution to see an zarth-like
planet!

=+ 3 times the distance from the earth to the sun.

=3 L3
&) A {1.22)1.0x10 m)(591§,;)(9.41x]0 m/ly)=1_13x105 o= 1130 ke
6.00210" m

Ax _ 1130km
Do 1.38x10° km

=8.19%107"; Ax is small compared to the size of the planet.

36.73: a) From the segment dy’, the fraction of the amplitude of E; that gets through is
EO[‘@ j:;» dE = Eo[dy Jsin(?cc o).
a

a

b) The path difference between each little piece is
E 4
ysin @ = kxe=k(D-y'sin8)=dE= o sin(k(D — y'sin #)— ). This can be

rewritten as dE = M(sh(ﬂ) —ax)cos(ky’ sin 8)+ sin(ky’ sin #)cos(kD — ax)).

c) So the total amplimde is given by the integral over the slit of the above.
=E= T;fE = &faffz &y (sin(kD — ) cos(ky’ sin 8) +sin(ly’ sin 8)x
a a v
cos( AL — ax)).

But the second term integrates to zero, so we have:

. 1,16 afz
E =2 sinkD o) {7, (cos(hy'sin 8)) =E, sin. (kD o) H—Sm(i‘y sl HH
Fa s afl?

kasindf2 )|
§. £ B itaD oy | SRR GOV | o cien | SOERGHENR)
. ka(sind)/2 . ma(sing)/n |

sin[. ; ]

-]

AL 8 =10,

~1= E = E, sin(kD — a0).
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; : : . 2
d) Since F=E* = I=1 M =1, M , where we have used
ka(sin 8)/2 £/2

I, = Ef sin® (kx— axt).

36.74: a) Recall that the expression for the amplimde of a traveling wave is
cos (fx — ¢ ). Thus each source can be thought of as a raveling wave evaluated at

x = R with a maximum amplimde of E,. However, each successive sowrce will pick up
d sin 8

an extra phase from its respective pathlength to point P .9 =27 [ j which is just

2z, the maximum phase, scaled by whatever fraction the path difference, & sin 8, is of

the wavelength, . Dy adding up the coniributions from each source (including the
accurmilating phase difference) this gives the expression provided.

b) &™) = cos(ER — axt +up) +i sin(kR — o + ug).
The real part is just cos (kR — e3¢+ ng).

M-l M-l
SoRe [Z Eoeif”'mﬂ => E,cos(kR — wt + ng).

n=l H=
(Note: Re means “the real part of . . ..™)
but this is just £, cos(kR — o + ¢) + £, cos(kR — @t + @) + £, cos(kR — a# +24) +
o+ Eycos(kR —ot + (N —1gh).

H-l M=l H-l
C) Z EO ejfkﬂ—mr-rmﬁ) - EO Ze—n:u‘ eﬂkﬂem‘ﬁ — Eoejfk&—aﬂ) Z emcﬁ.
n=

w=0 w=i
o - 1 i 1
but 3 e (). Butrecall » x" =
5% =
- : mh o o
M-l g i fobs ) e
; ; gt ’ g=] e e -—g?
Letx=e"s0> (") = (nice trick!). But — e ( ; )
g — W
= eie"—e )
g i
s i s = =)
P T
(e7—e"7)
Putting everything together:
L it
E= EE lHattnd) _ p JEabei (€ L€ )
= o] =3 A K
=0 (g7—e7
4 v i )
008 - + § sin - COS——I sin
= B |cos(kR — @t + ng) +i sin(kR — ot + n :
Boloost plehsinl ;ﬁ)]{ cos;‘—+zsma§— cosf—7sind }
_ _ sin (N $)
Taking only the real part gives = K, cos(kR — ax + ngh) T E.
S o

2
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sin® (N §)

d) I=|E
) | sin® (%)

. (The cos® term goes to + in the time averags and is

2
ave IO

2
included in the definition of f,.) [, oC E—;

sin®(2%)  I,(2sinfcos )’

=47, cos’ g Looking at Eq. 37-10,

) N=3 F=1I

s E s 0
5111 El Slﬂ?
2 ’

EX I

I o 2E; but for us 7, OCTO:T'

- R &
N_
36.75:2) [ =1, &M?) g,
sin®f 0 0
) in (N ¢ NE
Use I'Hopital's ru.le:lim%é?)=lim )2 |eoslive] ;).
$—0 510 = = ]/2 COS(?)

=N
So lim 7 = NI,
=
b) The location of the first minimum is when the numerator first goes to zero at
%gﬁm =gorgd_ =2§.The width of the central maximum goss like 2¢_._, so it is
1
roportional to —.
prop N
Ng . ; o
c) Whenever — =nx where # is an integer, the munerator goes to zero, giving a
minirmum in intensity. That is, / is a minimum wherever ¢ = %Tﬁ. This is true

assuming that the denominator doesn’t go to zero as well, which occurs when

¢

== mm, where m isan integer. When both go to zero, using the result from part(a),
there is a maximum. That is, if % is an integer, there will be a maximum.
d) From part c), if % is an integer we get a maximum. Thus, there will be

N —1minima. (Places where % i3 not an integer for fixed N and integer #.) For

example, # =0 will be a maximum, but n =1,2..., N —1 will be minima with another
maximm at 7 = N.
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e) Between maxima % is a half-integer multiple of Jr[i.e. g, %, etc.)j and if Nis

sin’ (N %)

.QE
'

odd then —1,80f > I;.

511

37.1: If O sees simultaneous flashes then O will see the A(A") flash first since O

would believe that the A’ flash must have traveled longer to reach O, and hence started
first.

1

) Y= —G=——
J1-(0.9)
f=yr=(2.29) (2.20x10%5) = 5.05x 10 5.
b) & =vt= (0.900) (3.00 x10° m/s) (5.05x10°5)=1.36 % 10" m =1.36 km.

2z
373 J1-w?lc® =(d-ubfc?) %1_%+---

= (At—Af) = (1- m)(,&t) = ;—;55 o (25022/;:;(2110]]:3:;500)

37.2: =2.29.

= (M —At,)=5.00x107s,
The clock on the plane shows the shorter elapsed time.

1
34 y=————— =479,

J1—(0.978)°

yA? = (4.79) (82.4 x 107°5) =3.95x 105 = 0.395 ms.

At A Y
37.5: a) As=—°:>1_”_:[_0]

\II].—H?/‘C? e’ At
2 2
A,
Su=cll-| —2| =¢ ]—[EJ
At 42

o =0.998c.
b) Ax=wuAf=(0.998) (3.00 % 10° m/s) (4.2 x 10_?5) =126 m.

]
b F=EET ) Bt %D B g
1(0.8000)

b) (0.3005) (0.800¢) =7.20 % 10" m.
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¢) Af, =0.300s/y =0.180s. (This is what the racer measures your clock to read at

1.20x10°m
(0.800) (3% 10° mf3)
Clearly the observes (you and the racer) will not agree on the order of events!

that instant.) At yeur origin you read the original 0.5s.

2
4.80%10° m/s
ITT: Aty =l-u'fc® M= JI-| ——— | (1w
? i \j {3.00x103 m/sJ L

= (At —At)=(1.28%107*) yr =1.12 hrs.

The least time elapses on the rocket’s clock because it had to be in two inertial
frames whereas the carth was only in one.

37.8: a) The frame in which the source (the searchlight) is stationary is the spacecraft’s
frame, so 12.0 ms is the proper time. b) To three fisures, u =c. Solving Eq. (37.7) for

ufc in terms of 7y,
o 1
~=J1-({/7)* ml—ﬁ.

Using 1/ = Af, /At =12.0 ms/190 ms gives ufc = 0.998.

2

Wil g L : — 6.00
J-@/e)  {1-(0.9860)°
!
i) Bt B g
vy 6.00

b) In muon’s frame:
d = uit = (0.9860c)(2.20 x 107 5) = 0.651 km.

=2 0 _gan_ wy,
o917
c) In earth’s frame:

A=Aty =(2.2x107° 3)(6.00)=1.32 x 1075
= d’ = uAt = (0.9860c)(1.32 x 107" 5) = 3.90 km
4’ 3.90 km

SO A ST
¥ 55.0 km
4.50x10°
37.10: 2) 1= ————— 0 _151x10" s,
0.99540c
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b)v=;=10.44

1—(0.9954)"

pr BBk o
v 1044
c) . 1.443107° 3, and ? o raax10™ s; so the results agree but the particle’s
0.99540¢ Y

lifetime is dilated in the frame of the earth.

37.11: a) I, =3600m

2z v 2
EEM N By T P
(3.00x10° m/s)

= (3600 m)(0.991) = 3563 m.

!
5y i =t OB o oqpengy
v 4.00x10° m/s
gy g DOOBH 4 g5 ip% g

w 4.00x107 m/s

37.12: v =1/0.3048,50 u = cyf1 = (1/7)" = 0.952¢ = 2.86x10° m/s.

2
SR It S
e 1-u?/c?
=00 g5

) ( 0.600c]?
C

37.14: Multiplying the last equation of (37.21) by » and adding to the first to eliminate ¢
oives
x : u? 1
xFur' = []——?J= —Xx,
c ¥
and multiplying the first by 12 and adding to the last to eliminate x gives

C
g ¥t 1 u ]r
SR SR
o ety

50 x = y(x’ +wt)and ¢ = y(¢' + ux’/c?),
which i3 indeed the same as Eq. (37.21) with the primed coordinates replacing the
unprimed, and a change of sign of w.
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AL vi4u 0.400c +0.600c 0.806¢

1+w/fc®  1+4(0.400) (0.600)
vi4u _ 0.900c + 0.600¢
1+w/fc? 1+ (0.900)0.600)
vi4u 0.990: + 0.600¢

€) v= _= =0.
1+/fc? 1+(0.990)(0.600)

=097c

37.16: v=1.667(y =5/3if u = (4/5)). a) In Mavis’s frame the event “light on™ has
space-time coordinates x"=0 and = 5.00 s, so from the result of Exercise 37.14 or

!

Example 37.7, x=vy(x'+uf')ands =7y [“ix_?] = x=yut’' = 2.00%10°m, ¢ = yt' =

8.33s
b) The 5.00-5 interval in Mavis’s frame is the proper time A#, in Eq. (37.6), so
N = yAr, =8.33 5, a5 in part (a).
c) (8.235)(0.800c)= 2.00x10° m, which is the distance x found in part (a).
X —ut

37.17: Eq. 37.18): &' = ——— Eq. (37.19): x’ = —ut’+ xo1—u’/c”

JI—u’/c’

Equate: {x—ut) y =—ut’+ L
¥

=t = =y — =+ —=%
u e wl oy

1 1-(wfef -1 —u?/c’

1
——y=1-{ufc) - > = =yu’ /e
v Vi-iwfef 1=/l 1-(ef

xwy  t—wxfe’

=St =fy+—=

¢t Ji—wfe)

37.18: Starting from Fq. (37.22),
. v—u
= wvfe?
Vl-wfet)=v—u
vi+u=v+vuv/c’
=v(l+w'fc?)

from which Eq. (37.23) follows. This is the same as switching the primed and unprimed
coordinates and changing the sign of .

oy
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37.19: Let the unprimed frame be Tatooine and let the primed frame be the pursuit ship.
We want the velocity v of the cruiser knowing the velocity of the primed frame « and
the velocity of the cruiser v in the unprimed frame (Tatooing).

- 0.600c— 0.800
vt - ©  __0.385¢
g 1—(0.600) (0.800)
2z
C
= the cruiser is moving toward the pursuit ship at 0.385¢.

37.20: In the frame of one of the particles, xand v are both 0.9520¢ but with opposite
sign.
e = ()  —0.9520c-0.9520c
1—(z) (—v)/c2 1-(0.9520)-0.9520)
Thus, one particle moves at a speed 0.9988¢ toward the other in the other
particle’s frame.

= —0.9988c.

y7gps oY te _ —0.950c+0.650c _

1+

w’ 14(=0.950)(0.650)
2

C

vitu 0.700c + 0.400¢

37.22: 2) InEq.(39-24), u = 0.400¢, v = 0.700c = v = =
1+wv//c®  1+(0.700) (0.400)

=0.859¢.
3
b) Ax _ R.00x10°m _310s
v 0.859¢
3723 v= oy Ty
—wylc c
=5 u[]— W’]— v—v =u —7‘}_1}’
¢ 1-w'fc?)
0.260c — 0.920¢ 0837

= =
(1— (0.360)(0.920))
= moving opposite the rocket, i.e., away from Arrakis.

37.24: Solving Eq. (37.25) foru/c, (see solution to Exercise 37.25)
u_1=(f/f)"

¢ +(f/f)"
and so (a) if f/f, =0.98, (u/c) =0.0202, the source and observer are moving away

from each other. b) if £/ £ =4.{u/c)=—0.882, they are moving toward each other,

37.25:a) f= J%j&. = e—w)f =(c+u)fy
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L, D el A =D /W -1
A IR+ (/W +D)

2
= cw =0.159 =4.77%10" m/s = 4.77x10" km/s =1.72»10° km/h.
((675/575)* +1)

b) (1.72x10° km/h — 90km/h) (31.00) = $172 million dollars!

37.26: Using u =—0.600c = —(3/%k inEq. (37.25) gives
1-(3/5).. 25 . _
50 " \/875 G = fail2

Y v ma__ gmvi(2vaje’)
@ dt| Ji—vi/c*

= JI_VQP/CQ (]_V?_;/C?_)S!?.
{07

ra [ v’ JM
=a=—|1- S| o
Hl 34
b) If the force is perpendicular to velocity then denominator is constant = F = % =
3
mdv/de F

—_— b a=— ]—v?/cg.
1.']—vgfc? "

37.28: The force is found from Eq. (37.32) or Eq. (37.33).

(a) Indistinguishable from
F=ma=0145N. b) y"ma=175N.

¢) y'ma=3LTN. d) yma=0145N,
0.333N, .03 N.
37.29: a) p=—r 2wy
1-v%/c?
] 2

=1=2y/1-v?/c* E

= y° ZECQ :>v=§c=0.866c

b) F=y'ma=2ma=v =2=1=2)" s0 12 = :

=+41-27 =0.608.
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37.30: a) y=1.01,50 (v/c)=0.140and v=4.21x10"m/s. b) The relativistic
expression is always larger in magnitude than the non-relativistic expression.

3731: a) K=—— —mec’ =me’
J1-v/e?
2

g & gepd g B e P umen

]—v?/c2 4 c? 4

2

b) K =5mc’ = e T v=J£c=0.986c.

Tih? 3 c 36

37.32: E=2mc’ = 2(1.67x107 kg)(3.00x10° m/s)* =3.01x107° T =1.88x10°eV.

4
F733: K=ty —Didtetmt 4270
2 5 ¢
: I 5 . 3 002,
FEK-K,=102-m" =——=—~
4 ¢ 2 8¢t 2

S E R Jic = 0.163c = 4.89x 10 m/s.
4 150

37341 a) W=AK=(y, —Dmc’ = 4.07=x10yme”. b)( 1, —y.)mc’ = 4.79mc’.
¢) The result of part (b) is far larser than that of part (a).

37.35: a) Your iotal energy ¥ increases because your potential energy increases;
AE = mghy

AE = (Am)c’so Am = A Efc’ = mg(ty)/c”

Amfm=(ghy)fc’ = (9.80m/s*)(30 m)/(2.998 x10° m/s)” =3.3x107"° %
This increase is nmuch, nmch too small to be noticed.

b) AE =AU =Ltkx* = L(2.00x10° N/m)(0.060 m)* = 36.0J

Am = (AE)/c" =4.0x107" kg

Energy increases so mass increases. The mass increase is much, much too small
to be noticed.

37.36: a) E, =myc’
2E =mc’ = 2m0c2

g

V1=v" 1"

Som=2my — = 2m,
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37.37:

37.38:

37.39:

2

2
=1- —>V—?=§—>v=cqf3/4
c

=0.866 ¢ = 2.60x10° mfs

nﬂ|~<

< =

b) 10 moc?' e TN . W
]—vzjfrc2
Ve 1 v 99
et L e
c- 100 ¢° 100

99 2
e 2 =0.995¢c=2.98%10 3
v=c¢ e c m/

a) E=mc”+K,s0 E =4.00mc” means K = 3.00mc” = 4.50x107 ]
by E* =(mc" Y +(pc)’; E=4.00mc”, 5015.00mc”Y = (pc)”
p=15mc =1.94x10"%kg - m/s

c) E= m?/ﬂ.l]—vgfc?

E=4.00mc” gives1—v*/c* =1/16 and v = /15/16¢ = 0.968¢

The work that must be donz is the kinetic energy of the proton.
2 1 2
a) K=(y-Dmye” =| —=-1|m;¢
1

= (1.67x1077 kg)3.00%10° m/s)* ey

_sox10te | —1 1
\1-0.01

=7.56%107" ]

2 oy L
b) X =(1.50x10 J)[m ]j

=232 107 1

L -0 L o
¢) K=(1.50x10 ])[m 1]
=1.94%107 ]

(m=664x10"" kg, p=2.10x107" kg -m/s)

a) E—+Jime™) + (pc)
=8.68x1071% 1.
b) K=E—mc* =8.68x107" —(6.64 %107 kg)c* = 2.70x107° 1.
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K 2.70%107° J

- = 0.452.
me’ (6.64x1077 kpe”

¢)

mc

23k
37.40: E=(mc’ + pict) = mc?[u [iJ ]

1 p° P 1
~ e’ I=—arr —me +— =mec v’
2m'c 7 2

the sum of the rest mass energy and the classical kinetic energy.

37.41: a) v=8x10" m/s :3\::*:].0’%76
1-v/c*
m=rm, Ry =t =5 341072 ]
2

K=(y-Dmc?=5.65x10"27 ., K£=1.06.

0

b} v=285x10% m/s .y = 3.203
& =12mv? = 6.78x107 ]

K=(@-1mc*=331x10"1 K/K, =4.388.
37.42: (5.52x107% kg)(3.00x10° m/s)”’ =4.97x107" J = 3105 MeV.

3743:a) K =gAV=eAV

K=met| —— L 1|=4.025mc? = 3.295x107 T = 2.06 MeV
1—122/(:2
AV =Kle=2.06x10° V¥

b) From part (a), K =3.30x107" T = 2.06 MeV

37.44: a) According to Eq. 37.38 and conservation of mass-energy
Crr NN SRR ON, . B A W
2M 2(16.7)

Note that since y = ﬁ,we have that

i 1_%: 1_% = 0.6331,
¢ ¥ (1.292)

b) According to Eq. 37.36, the kinetic energy of each proton is
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K= (?’_I)MCQ b (1-292—])(1.6?X]0_?'? kg)(S.OOx]OS III/S)?[ 1.00 MeV J

1.60x10™ 1
274 MeV.

c) The rest energy of 7’ is me” =(9.75x 107" kg)(3.00x10° m/s)’ (ll;of;lf] J=

548 MeV.

d) The kinetic energy lost by the protons is the energy that produces the 7",
548 MeV = 2(274 MeV).

37.45:2) E=0420MeV =4.20x10° eV.

(9.11x107™ kg)(3.00%10° mfs)*
1.6x107"° J/eV
—4.20%10° eV 4+ 511x10°eV = 9.32x10° &V,

mc’ mc” :
C) E=——=v=¢,/1-
l—vQ,/c? E

5 ?
=c,|1- M =0.836c = 2.51x10° mys.
9.32x10% eV

b) E=K+mc’ =420x10° 2V +

5 —13 =
d) Nonrel: K = Lomy? = 2K _ |24:20x10 eV)(].;ﬁlx]O 1/eV)
2 m 9.11x10° kg

=3.84%10° m/s.

37.46: a) The fraction of the initial mass that becomes energy is
1— (4.0015u)

2(2.0136 1)
(6.382%107°)(1.00 ke)(3.00 x10° m/s)" = 5.74x10" 1.
13
b) 1.0><1(1)4 I
5.74%101/kg

= 6.382 %107, and so the energy released per kilogram is

=1.7x10* kg.

37.47: 2) E=mc?, m=E/c" = 3.8x10% 1){(2.998 x10° m/s)* = 4.2%10° kg
1 kg is equivalent to 2.2 1bs, 50 m =4.6x10° tons
b) The current mass of the sun is 1.99x10* kg, so it would take it

(1.99%10™ kg)/(4.2x10° kg/s) =4.7%10%3=1.5x10"> y to use up all its mass.

37.48: a) Using the classical work-energy theorem we obrain
Cm(vt —vTe) (2.00%107° kg)[(0.920)(3.00x10° m/s)]’
2F 2(4.20x10* N)

Ax

=1.81m.
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b) Using the relativistic worl-energy theorem for a constant force (Eq. 37.35) we obtain

- G =Dme”
e
For the given speed, v = ﬁ =2.55, thus
=12 S 2
py (255-1)(2.00x10 kg4)(3.00><10 B s
(4.20x10°N)

c) According to Eq. 37.30,

3
#( v T (4.20%10% N) - v?'
i =— —i——= e ————— s
ml & (2.00x10™ kg)l &
which yields, i) 2 = 2.07x10'* mjs* (# = 0.100)

i) 2 =1.46%10'° mfs” (#=0.462)
iii) @ = 0.126 x10'° m/s” (5 = 0.920).

R | L
| e

2
=(2.10%10'° m/s’ [ —:—?J :

3749:a) d=chi = At=£= %= 4.00%107%s (vis very close to c).
¢ 3210° m/s

At 2 2 At,
But — 2= 1—”—2:(3] =1- ( J
c c Fi%s

= (1-A)P=1- [‘M]

12 X Lfz
=A=1- 26)‘10_6 —2.11x107,
400x]0

400><10*S
b) E=vmc’ = 139.6 MeV

= E= 2.15><]04 MeV.

37.50: One dimension of the cube appears contracted by a factor of l, 50 the volume in
T

S'is as/}l = as\l'l —(ufc)’.

Sl Need a=b=],=al=t

YL, a 1.40b

BY 1. 5
Su=c,)1-|—| =c,]1-| — | =0.700c.
a 1.40

=2.10x10° m/s.
www.FreelLibros.me
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37.52: The change in the asironant’s biological age is At,in Eq. (37.6), and At is the

distance to the star as measured from earth, divided by the speed. Combining, the
astronaut’s biological age is

B S B, A BOLIE iy
yu 7(0.9910)

37.53:a) E=pnc’andy =10——— i o199
«.g']—(vfc 100
=0.995.
i
b) (pc) =mSVye B  =m'c [[Z] YY—I-IJ
c

E'—(pe) 1 1 5
2 - z 01=1%.
E 1+¥?[EJ T (10/(0. 995))

C

=

37.54: a) Noie that the initial velocity is parallel to the x-axis. Thus, according to Eqn.
37.30,

3
(1- 0.900%)? = —1.49x 10" m/s’.

2

ﬂx:

3
B4 vi 12 (3.00x107% N)
(1.67x1077kg)

Now note that the initial velocity i3 perpendicular to the y-axis. Thus, according to Egn.
37.33,

i C

1
B (Y ) _ 600107 N)
z (1.67x107" kg)
b) The angle between the force and acceleration is given by

c
Fa+Fa, (=3.00=10777 101 49x10™ mfa ) +5.00 10777 1013 1=10" mfs?y
T 03 000 0y (50010777 1Y o (=L 49 000™ ™)L 3 Ll 07 ey

1
a; = (1-0.900%)2 =1.31x10" m/s”.
FrL

coséd =

#=24.5°

37.55:a) K =20x10"eV =3.204%107]

w1 4 , so 1 o310
T=fig I—VQ/CQ
# 1 * +v)(c— 2(c —
l—v—2=742;]—v—2=(c v)gc V)= e} since ¢ +vr 2¢
c’  (2.131x10%) e C Lo

v=(1-A)c 50 l—v“/(cz =2A and A=1.1x107"

o e
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37.56: a) (8.00 kg)(1.00x107*)(2.00x10° m/s)” = 7.20x10" 1.
b) (AE/AH) =(7.20%10" 1)/ (4.00x107° 5) =1.80>10° W.
AE (7.20210° 1)

= : ——=7.35x10° kg,
gh  (9.80m/3°)1.00x10° m)

c) M=

37.57: Heatin Q =mi, = (4.00 kg)(3.34%10° J/kg)=1.34%10° J
Q0 (1.34x10°))

= Am=== : 2=].49x10"“ kg,
¢’ (3.00x10° m/s)
37.58:a) v= £ Efe) = i, where the atom and the photon have the same
FL P FC

. E
magnitude of momentum, Efc.b)v=—=<<c, 50 E << mc.
RC

37.59: Speed in glass v=S=——=1.97%10° m/s
n 152
g sqang
l—vz/{c2

= K = (y —yme® = (0.326)(0.511 MeV) = 0.167 MeV =1.67x107 &V.

37.60: a) 80.0 m/s is non-relativistic, and K = %mv2 =186 1.

b) (y—Dmc’ =1.31x10" 1.
¢) InEq. (37.23),
v =2.20%10° mfs, u =—1.80%10° m/s,and sov="7.14x10"m/s.

g P s
v
200
&) ——— _—9.09%107" s,
2.20%10° mys
B t'=L = 618x107 s,0rt'=——>0 B _g18,10%s.
¥ 2.20x10° myfs

37.61: x"° =c%?
= (x—ut)'y? =cy? (r—u.:c)'fc?)2
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:>.x—ut=c(t—ux/c?)

:>x[]+£]=1x(u +eli=tu+c)=> x=ctf
c/ ¢

=x’ =%t
37.62: a) From Eq. (37.37),

T ox B 3900k\(3.00x104ﬂy’s)4

K__mv =—m—’=—( 5 ) g P =304J
8 ¢ 8 (3.00%10° my/s)
Yymvile? 3 (v
b) M:—[ﬁj — 7.50x107.
(]f2)mv 4 e

37.63: a=ﬁ=£(1_v’zr/cz)3’az
di m

v dv F F
— = | dt ="t
e e e
c_[ujc i =i £ UII‘C: i =£t
¢ A=Y 12| - m

2 2 2 2
L
m bod m me
Ft
:>V=¢. Soas t2wm,v—c

J1+ (Ft/me)’

37.64: Setting x =0 in Eq. (37.21), the first equation becomes x’=—yut and the last,
upon multiplication by ¢, becomes ct' = yct. Squaring and subtracting gives
C’Etr?_ _xr? o Y’E(C’P_t? |, u?t?): C?f?,

orx’ =cy#'? —#? =4.53%10° m.

37.65: a) Want At'=¢, =14
1 ' S Lo — Xy Ax
X=(x,—u)fy=X=(x; U )y > u=—"—"=—
=% Y =% = (x; 2K -t B

And A¢' = y{rg s —HMJ. Since u = Ax/Af,

Ca

Ax Ax’ Ax”
At'= y(,&r —H—2J = y[,&r 1 Qm] = A= Al - (& [e? = At - =
C C

C

; ; Ax
There’s no physical solution for Af < — = Ax = cAf.

C
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b) Simultaneously = At'=0 ., — L=y 2
C c
2
= A= Ax=u=" &
c At
Also
At
Ax'=x, — x| = ———(Ax—uAt) = [ —CQ—J
Jl—c¢ .f_\r?/ax

\fl—(ufc)
— Ax 1—% = A’ = VAX - "%,

c) Part (b): Ar= %J(Ax)? —(Ax)? =1_J(5.00 m)? —(2.50 m)* =1.44x107%.

37.66: a) (100 5)(0.600)(3.00%10° m/s)=1.80x10"" m. b) In Sebulbas frame, the
relative speed of the tachyons and the ship is 3.40c, and so the time #, =1005+
1.80x10" m
34c
(118 5)(0.600)(3.00210° m/s)=2.12%10" m. ¢) From Eq. (37.23), with
v’ =—4.00c and u = 0.600c, v = +2.43¢, with the plus sign indicating a direction in the
same direction as Watto’s motion (that is, away from Sebulba). d) As the result of part
(c) suggests, Sebulba would ses the tachyons moving toward Watto and hence ¢, is the
time they would have left Sebulba in order to reach Watto at the distance found in part
2.12x10" m

(b),or 118 5 — e =893,and so Sebulba receives Watto’s message before
S 3C

even sending it! Tachyons seem to violate causality.

=118 s. At ¢, Sebulba measures that Waito is a distance from him of

37.67: Longer wavelength (redshift) implies recession. (The emitting atoms are moving
(o /1) -1
(ho /1) +1

} =—0.3570c = —1.071x10° m/s

away.) Using the result of Ex. 37.26: u=c¢

| (636. 3/953.4)" -
(656 3/933.4)° +1

37.68: The baseball had better be moving non-relativistically, so the Doppler shift
formula (Eq. (37.25)) becomes f = f,(1—(x/c)). In the baseball’s frame, this is the
frequency with which the radar waves strike the baseball, and the baseball reradiates at £
But in the coach’s frame, the reflected waves are Doppler shified again, so the detected
frequency is f(1— (x/c)) = f(1—(w/e))® = £, (1-2(x/c)), 50 Af = 2 £, (w/c) and the

fractional frequency shift is ?f 2(u/c). In this case,

0
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o _(2:86x107)

=

(3.00x10° m)

2 £, 2
=42.9m/s =154 km/h
= 92.5 mi/h.

37.69: a) Since the two friangles are similar:
H=dvy=mc'y=E.
b) O=vH*— 4" = JE* —(mc?)* = pc.
c) K=E-mc".

The kinetic energy can be obtained by the difference between the hypoteneuse and
adjacent edge lengths.

37.70: a) As in the hint, both the sender and the receiver measure the same distance.
However, in our frame, the ship has moved between emission of successive wavefronts,
and we can use the time T =1/ # a3 the proper time, with the result that £ =/, > f,.

c+u

L MHZ[1+0.?58
c—u 1-0.758

F— f; =930 MHz - 345 MHz = 585 MHz.

12
b) Toward: f = f, J =930 MH=

Away:

Iz
f=f )2 =345 M{z[ﬂj — 128 MHz
c+u 1+0.758
f— £ =—217 MHz.
¢) 1, =1.53f, = 528 MHz, £ — f, =183 MHz. The shift is still bigger than £,

but not as large as the approaching frequency.

37.71: The crux of this problem is the question of simultaneity. To be “in the barn at one
time™ for the runner is different than for a siationary observer in the barn.

The diagram below, at left, shows the rod fitting into the barn at time =0,
according to the stationary observer.

The diagram below, at right, is in the minner’s frame of reference.

The front of the rod eniers the barn at time # and leaves the back of the barn at
time £,.

Howrever, the back of the rod does not enter the front of the barn until the later
time f,.
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37

back ol 7' [romnt ol baen

hack of e I/

frnne of rod

L4 m

(G m
(contracted

[rond

R lengthl  lengthy

7 /
s .50 7
(eomracted  (s1ae of
rovd Tenpeth)

b )

37.72: In Eq. (37.23), u=V,v' = (c/n), and so

" (c/m)+V  (gfm)+V

1+c_1; 14 (VP ne)

HC

For V' non-relativistic, this is

v ((cf m) + V) — ¥ frc))
=(c/m)+V =¥ [n")- (V" [nc)

T g

1
%5+[1——?JV
4 ¥
sokz[] }

37.73: a) a’=£

I

s

]. For water, # =1.333 and £ = 0.437.

dt’ = y(dt —udx/c?)
dv

Vi

v

- (1—uvfc2)+ (]—uv/c?)? A
d_v‘.f

c
1

- u
]—mrfc2 (1 —uvic®)* \cf

1

.'.dv’=a‘v[

(v—u)u/c?' 3 I—MQ/CQ
1— v’ N (1- vy J C d{(] —wfc?)
www.Freelibros.me



gll=ale)
, (I-w/c®V¥ & (1-u2fc?) 1
i T T 7
vt —updxfct @& (I—wic’) gl -w/ch)
—all—u’ /™Y A—wic)
b) Changing frames from S* — Sjust involves changing

A=l
wy

a=>a,va3—v'=sa=a(l-ulc)P [1+—2] :
c

37.74: a) The speed ' is measured relative to the rocket, and so for the rocket and its
occupant, v = 0. The acceleration as seen in the rocket is given to be a'= g, and so the
acceleration as measured on the earth is
- PR
_du _ ‘ P
dt gk ¢’ -
b) With v, =0 when ¢ =10,

[

O
g (1 _u?/c? )3;'?

| 1 du
=] —
g L (A—wfc* "

¥
g4/l —vffc?
c) di' =ydt=dt /41— u' fc”, sothe relation in part (b) between df and du,
expressed in terms of ¢ and du, i3

=

B il 1 du N 1 du

N_utj? gl—u'/) g Q-u®[")

Integrating as above (perhaps using the substitution z = u/c ) gives

f = £ arctanh [v—l}
= C

For those who wish to avoid inverse hyperbolic functions, the above integral may be
done by the method of partial fractions;

. i 1| du i
gdt' = =— =k ;
(+ufc)l—ufc) 2|14+ufc 1-uc

which integrates to
c C+v
¢ =—1n| L
2g le—vy

d) Solving the expression from part (c) for v, in terms of ¢, (v, /c) = tanh{gz /c), so that
A1-10v fc)? = 1/cosh (g¢| /c),using the appropriate indentities for hyperbolic functions.
Using this in the expression found in part (b),
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_c tanhigtifc) e .o o
g Yeosh(gr/fe) gsmh(gtlj .

which may be rearranged Sllgh[ly as
t!
gtl sint {g 1 J

C C

1

If hyperbolic functions are not used, v, in terms of # is found to be

! —ghfe.
v ESTU'IC o ehfe,

o gFVE oo
which is the same as tanh{ g¢| /c ). Inserting this expression into the result of part (b)
sives, after much algebra,
f = (e _eEY,
2g
which is equivalent to the expression found using hyperbolic functions.
e) After the first acceleration period {of 5 vears by Stella’s clock), the elapsed

time on earth is
t; = <sinh(gt] /c) = 2.65x10° s =84.0 yr.
g

The elapsed time will be the same for each of the four parts of the voyvage, so when Stella
has returned, Terra has aged 336 vr and the year is 2436. (Keeping more precision than is
given in the problem gives February 7 of that year.)

37.75: a) f, =4.568110x10" Hz £, = 4.568910x10" Hz £ =4.567710x10" Hz

£ o c—|—(u+v)_f

T Ve @) | - @ = £ et )
R F2le— (=)= fie+@-v)

i Perm—

where u is the velocity of the center of mass and v is the orbital velocity.
R = o eyl 08 L
(o f) +1 (21 £)+1
= u+v=>525x10* mfs u—v=-2.63x10* m/s
= u =+1.31%x10* m/s = moving toward at 13.1 km/s.
b) v=394x10" m/s T =11.0days.
(3.94%10* m/s)(11.0 days)(24 hrs/day)(3600 sec/hr) 3
27

= (+v)=

= 2mR=w=R=

5.96x10° m = 0.040 earth - sun distance.

Also the gravitational force between them (a distance of 2R) must equal the
ceniripetal force from the center of mass:
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&E  L,8'E v OE 5 % EE
=i} 5 5

ax? axf’}_ o ar:? 'Y & !ar!
) &'FE 5'E ' E
ar? = 'Y?V? axr?_ + 'Y? 81_:’2 . 2Y?V axrarr =

Substituting into the wave equation and combining terms (note that the mixed
partials cancel),

8'E 1 8'E ?[] v?Ja?E Q[v? 1Ja?E
= v

e &t ot c4_c_? a8t
&E 1 0
= ax:?_ _C_’E af:?.
=0

37.77: a) In the center of momentm frame, the two protons approach each other with
equal velocities (since the protons have the same mass). Afier the collision, the two protons
are at rest—but now there are kaons as well. In this simation the kinetic energy of the

protons must equal the total rest energy of the two kaons = 2(y__ —])mpc? = 2””;:"2 =

VYo =1+ M _1.526. The velocity of a proton in the center of momentum frame is then
i
£

2
v =edm =l _passge

cm 2

Tem
To pet the velocity of this proton in the lab frame, we must use the Loreniz

velocity transformations. This is the same as “hopping™ into the proton that will be our
target and asking what the velocity of the projectile proton is. Taking the lab frame to be

the unprimed frame moving to the left, # =v__ and v' =v__ (the velocity of the projectile

proton in the center of momentum frame).

. . P
jEar Ry
1+ Zem
7 1+ 3
1
= Yy = ———— = 3.638
1 — Yaab
C?

= Ky = (1 —Dm ¢’ = 2494 MeV.

K 2494 MeV
by kb _ L
2m,  2(493.7 MeV)
c) The center of momentum case considered in part (a) is the same as this
simiation. Thus, the kinetic energy required s just owice the rest mass enerey of the kaons.

K__ = 2(493.7T MeV) = 987 4 MeV. This offers a substantial advantage over the fixed

target experiment in part (b). It takes less energy to create two kaons in the proton center
of momenmm frame.
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